































Published Monthly. Price, $5.00 per Annum. 


E JOURNAL 








AMERICAN CHEMICAL SOCIETY. 


APRIL, 1808. 


£ EDWARD Hart, Editor, J. H. Lonc, Tuomas B. Ossorne, 
COMMITTEE ON PAPERS AND PUBLICATIONS. 


CONTENTS. 














PAGE 
PROCeedimgs +s 2002 106s cess edosiceess $0 FEM beeaeV eS eee) Gs pe+ee(27)-(34) 
PAPERS. 
The Moist Combustion Method of Determining Carbon in Steel. By 
ES George AUChy-++eseeeeeee esse aeseceee’s Cee Peer ee Pee 243 
-* Comparison of the Standard Methods for the Estimation of Starch. 
By H. W. W iley and W. H. Krug apes votre ho Vode ubon<ebavéeaes Gs 253 
The Solubility of the Pentosans in* the Reagents Employed in the 
Estimation of Starch. By W. H. Krug and H. W. Wiley .---.... 266 
A New Electrolytic Stand. By George J. Hough .--..+-sseseseeeees 268 
A Modified Air-bath. By'F, P. Venable ....-.... ccc eceeseeees ceenes 271 
Some Properties of Zirconium Dioxide. By F. P. Venable and A. W. 
Beldenis soe vive ccivviccce sangae ecbcces stecsebee ss code chened ccpecvs 273 
Ammonium Selenide. By Victor Lenher aud Edgar F. Smith “..... 277 
Electrolytic Determinations. By Edgar F. Smith and Daniel L. 
WAAC! oe 66 ec ce eosin ce obosis0n bape t does b 5 cae gseseecevetesees te 279 
Preliminary Report of the Conimittee on Coal Analysis. By W. A. 
Noyes, C. B. Dudley, and W. F. Hillebrand...-......... 0.4. 40.. 281 
: A Collector for Distillation of Ammonia from Water. By F. P. Dun- 
MINQtON +--+ veceee ee ceeencee eres she rebe ster vececese secees sees 286 
Boric Acid Determination. By Thomas S. Gladding............-+ 288 


Action of Sulphur Monochloride upon Minerals. By Edgar F.Smith 289 
The Determination of Small Quantities of Alcohol. By Francis G. 


Benediot atid: Re Sc NOfrig- ode calc ove Gaasécke bb cb ds ccc bainges os 293 
Aluminum Used as an Electrode. By George J. Hough..........-.. 302 


Note on Liquid Phosphorus. By F. P. Venable and A. W. Belden... 303 
Calories of Combustion in Oxygen of Cereals and Cereal Products, 
Calculated from Analytical Data. By H. W. Wiley and W. D. 





Bigelow a wie Dido bewh Oe be Ne OK coda cone aamas’d £ cdwart <4 baa trees e+ 304 
Preliminary Note’ on Some New Derivatives ‘of Vanillin. “By A. E. 
Menke and W. B. Bentleys. 6cces) cccscnccccccecegeccccrcecesss 316 


New Books: Introduction to Electrochemical Experiments ; The 
Freezing-point, Boiling-point, and Conductivity Methods; Prac- 
tical Exercises in Electrochemistry; Laboratory Experiments on 





4 the Class Reactions and Identification of Organic Substances... 317 
Books Received +: -2 ecsedctscec clves voce geeeos onc owe cs cesecaceressccpe 320 
a REVIEW OF AMERICAN CHEMICAJ, RESEARCH «+++ eeeeeeceeee: cecees 39-52 





EASTON, PA.: 
CHEMICAL PUBLISHING COMPANY. 





Entered at the Post Office, Easton, Pa., as Second Class Matter. 


Orders for back numbers of the Journal should be addressed to the Librarian, P. E. 
Dodge, 316 Bowne Ave., Flushing, N. Y. 





> OFFICERS OF THE AMERICAN CHEMICAL SOCIETY.~ 


President: Charles E. Munroe, Columbian Univ., Washington, D. C. 
Vice-Presidents ; The Presiding Officers of the Local Sections; see below. 
Secretary: Albert C. Hale, 551 Putnam Ave., Brooklyn, N. Y. 
Treasurer: C. F. McKenna, 221 Pearl st., N. Y. City. 

Librarian: F. E. Dodge, 316 Bowne Ave., Flushing, N. Y. 

Committee. on Papers and Publications: Edward Hart, Editor; J. H. 
Long; Thomas B. Osborne. 

Committee on Nominations to Membership: A. A. Breneman; .P. T. 
Austen; C. A. Doremus. 

Finance Committee : Durand Woodman; A. P. Hallock; A..H. Sabin. 

Directors. Members ex-officio: Charles E. Munroe, Pres.; Albert C. 
Hale, Sec. Term expires December, 1898 : C. A. Doremus, C. B. Dud- 
ley. Term expires December, 1899: C. F, Chandler, Wm. McMur- 
trie. 

Council. Members ex-officio: Charles E. Munroe, Pres. ; Albert C. Hale, 
Sec.; Edward Hart, Editor. Term expires December, 1898: J. W. 
Mallet, Thomas H. Norton, G. C. Caldwell, C. F. McKenna, F. E. 
Dodge, H. W. Wiley, C. A. Doremus, A.A. Breneman. TJerm expires 
December, 1899: C. F. Chandler, H. L. Wells, Wm. McMurtrie, W. 
A. Noyes, P. T. Austen, Charles B. Dudley, Albert B. Prescott. - Term 
expires Decentber, 1900: G. ¥. Barker, F, W. Clarke, W. L. Dudley, 
A. A. Noyes. 

Local Sections. Rhode.Island Section; Edward D. Pearce, Pres. Officer; 
Walter E. Smith; Sec., 47 Jenkins St., Providence, R. I. Cincinnati 
Section: O. W. Martin, Pres. Officer; S. Waldbott, Sec., Lloyd Library, 
224 W. Court St., Cincinnati,O. Mew York Section: Wm. McMurtrie, 
Pres.Officer ; Durand Woodman, Sec., 127 Pearl St., N. Y. City. Wash- 
ington Section; Henry N. Stokes, Pres. Officer; Wm. H. Krug, Sec., 
U.'S. Dept. of Agr., Washington, D.C. Lehigh Valley Section: Jos. 
W. Richards, Pres, Officer; Bernard Enright, Sec., 330 E. 4th St., 
So. Bethlehem, Pa. New Orleans Section: A. I,. Metz, Pres. Officer; 
Hubert Edson, Sec., Bartels, La. Nebraska Section: H.H. Nichol- 
son, Pres, Officer; John White, Sec., Box 675, Lincoln, Neb. Chicago 
Section : J. P. Grabfield, Pres. Officer; F. B, Dains, Sec., 2421 Dearborn 
st., Chicago, Ill. North Carolina Section: F. P. Venable, Pres. Offi- 
cer; W.A. Withers, Sec., A. and M. College, Raleigh, N.C. Colum- 
bus Section: HH. A. Weber. Pres. Officer; Wm. McPherson, Sec., 
Ohio State Univ., Columbus, O. Boston’ Section: Arthur A. Noyes, 
Pres. Officer; W. R. Whitney, Sec., Mass. Inst. Tech., Boston, Mass. 


PAPERS ACCEPTED FOR PUBLICATION: 

The Determination of Methane, Carbon Monoxide, and Hydrogen by 
Explosion in Technical Gas Analysis. By W. A. Noyes and J. W. Shep- 
herd. 

On the Determination of Potash without the Previous Removal of Iron, 
Calcium, etc. By C.C. Moore. 

Composition of the Ashes of Some Raw Tanning Materials. By Jno. 
H. Yocum. 














& 





[APRIL, 1898. ] 


THE JOURNAL 


OF THE 


AMERICAN CHEMICAL SOCIETY. 





THE MOIST COMBUSTION METHOD OF DETERMINING 
CARBON IN STEEL. 


By GEORGE AUCHY. 
Received February 9, 1898. 


OME recent experiences of the writer with the wet method 
S of combustion show that this process may sometimes work 
faultily in the following particulars: First, the potash bulbs 
may not absorb all the carbon dioxide; Second, the ‘‘ pro- 
long’’ containing calcium chloride may not absorb all the mois- 
ture drawn over from the potash bulb; Third, the proportion 
of moisture so escaping from the prolong is not uniform and un- 
varying; Fourth, the potash solution may lose something 
besides moisture; Fifth, some chloro-chromic compound other 
than that absorbed by Prof. Langley’s ‘‘pyro’’ mixture may 
occasionally form and cause high results. 

With regard to the first of these points, it is the almost 
universal custom to use for the absorption of the carbon dioxide, 
a single set of weighed potash bulbs as directed by Blair in his 
description of the wet method. Prof. Langley, however, uses 
solid potash after the bulbs. Others use soda-lime tubes instead 
of potash bulbs. The writer in making determinations using 
the potash bulbs as customary obtained results varying very 
widely and was very much puzzled by them, believing at that 
time one set of bulbs to be ample for the complete absorption of 
the carbon dioxide. It was finally found, however, that a sin- 
gle set of bulbs is not always sufficient to absorb all the car- 
bon dioxide in the wet method of combustion. Following are 
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the varying results spoken of, using but one set of potash bulbs. 


Per cent. Per cent. 

Steel 59 (Fresh potash)..... 1.97 Steel 1.00 standard ....... 0.974 

665: cece cece cccccecccess 2.13 ef 2500 {i  acnelen 0.870 

66 5G cecccecccevcccce cece 2.25 ‘* 1,00 (Fresh potash) . 0.890 

as SQ te ce cece eeceeeeeeeee 2.07 e¢ 35 tee ee ee eeee 0.333 

‘* 59 (Fresh potash)..--. 2.01 A 35 te eee cee ceece 0.288 

an. 2.277 si | ee 0.636 

‘* 59(Fresh potash)...-. 2.18 


Two sets of potash bulbs were then employed with a calcium 
chloride prolong to each. After the second set of bulbs and pro- 
long used, a weighed set of potash bulbs with the two anterior 
bulbs containing strong sulphuric acid was also used, the last 


bulb empty to avoid all danger of mechanical loss. 


Following 


this was the usual calcium chloride guard tube. 


Per cent. 
Steel 59. 00sec cscscescceee 2.267 
6 5Qe cece cece cece veces 2.280 
** t.00 standard ......e.. 0.88 
‘5,00 Ee oy care Germans 1.005 
hn) Se 0.261 
a), eee 0.239 
ee © Are eee eee eee 0.631 
OO EE ié-e candn46ensseenuus 2.257 
SE Caw seiesae neieessmkes 2.278 
66 BI cccccccccccceccccce 2.115 
i I Tera epee eee 3-145 
€€ TOOL «.<:0:6 s:2'069s oaee'ceee 1.009 
$6 GO ceceececccccevccecs 2.30 
7) ee ee 0.841 
he 1 eee eee 0.853 
St ME a ois eae eke ene ee 0.823 
ES PEN gis Wevaen wacies ecu ee 1.014 
ws (Ye 0.693 
a: Se cer 1.033 
A) aon I.OIO 
66 4 ccccccccseccscceces 0.896 
A) Se ee 1.018 
ee ee ne 0.206 
OS IWR co doen Ceteane wehene 0.044 
ed ee ee Te 2.54 


Carbon in 
Ist set of bulbs. 2nd set of bulbs. 


Carbon in 
Total carbon. 
Per cent. Per cent. 

none 2.267 
none 2.280 
0.124 1.004 
none 1.005 
0.039 0.30 

0.073 0.312 
0.031 0.662 
0.155 2.412 
0.042 2.320! 
0.285 2.400 
0.070 2-975 
none 1.009 
0.09 2.39 

0.041 0.882 
0.053 0.906 
0.026 0.849 
0.051 1.065 
0.302 0.995 
0.151 1.184 
0.052 1.062 
0.176 1.072 
8.080 1.098 
0.064 0.27 

0.021 0.065 
0.70 3.24 


1 This result is too low on account of incomplete solution of the steel by the double 


chloride solution. 
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The following were obtained by combustion with lead chro- 
mate and potassium dichromate : 


Carbon in Carbon in 
1st set of bulbs, 2nd set of bulbs. Total carbon. 
Per cent. Per cent. Per cent. 
Steel] 96. ...eeeeeeccecceeee 0.626 0.348 0.974 
ay See ee 0.732 0.366 1.098 


In all the above determinations the potash used was of specific 
gravity 1.27 as is customary and was frequently changed. In 
the following the strength of the potash solution was increased 
to 1.40 specific gravity. This latter strength was found much 
preferable, not only on account of the solution of that streugth 
possessing greater absorbing power, but also because it can be 
used much longer in the potash bulbs without change: 


Carbon in Carbon in 
Ist setof bulbs. 2nd set of bulbs. Total carbon. 
Steel. Per cent. Per cent. Per cent. 

Tool, large...-e.seeeeeee 1.146 0.005 I.151 
Tool, small ...-.ceececeee 1.128 0.032 1.16 

NOV. 13 secee cece cccecces I.14 none 1.14 

QAR dic dacviow sieasaciaess 1,103 0.015 1.118 
EE w060 0:00 660600 ccccisveene 1.042 none 1.042 
T cece cece cccccncccccoes 1.023 none 1.023 
BIE dod oncecnasimeawawses 1.09 0.02 I.II 

TOO ccccccecccccccccccecs 1.379 none 1.379 
NO, Jeeesccccceccceccccce 1.06 none 1.06 

Cross CUt + -eeeee cece cece 1.007 none 1.007 
SMe. cd ade. 43:ne.ceme eemereeek 1.372 none 1.372 
QO sececeecceeevecccs cece 3-499 0.020 3-519 
BUS cs vecne cece caeviaace 0.858 none 0.858 
Dieckccvishaavnieesveneces 1.136 0.010 1.146 
T13 coccceccccccccccccces 1.134 none 1.134 
6? eee 1.251 0.019 ¥.27 

BER Socwisviewiovesisiccawes 1.104 0.016 1.12 

II5 seccccevccccecs severe I.OQI 0.050 I.14I 
TI6 ccccccccccccce eo ccccee 0.986 0.036 1.012 
CEE vscevee Cane eee ec weaes I.02 0.012 1.032 
TIQ eeece cece cccscerecces 0.925 0.031 0.951 
Trial ¢ ccccccecee -seccees Oh yo 0.273 2.444 
CAT ye ooo wi eaae wel ae ee 0.719 0.064 0.783 

With fresh potash (sp. gr. 1.40). 

| OX ee 0.771 0.006 0.777 
TOT seccccccccccecsvcesoe 0.635 0.010 0.646 
122 over covcscccesececes 0.279 0.001 0.28 


Shear...-+sseeeeee eeecee 2.547 0.012 2.559 
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With new potash (sp. gr. 1.40). 


Carbon in Carbon in 
Ist setof bulbs. 2nd set of bulbs. Total carbon. 
Steel. Per cent. Per cent. Per cent. 
G. wees cece reese ce cces sees 0.730 0.007 0.4737 
127 scccccccscvccvcecses + 1.023 0.013 1.036 
I2Q secceeeees eeceeveeses 0,872 none 0.872 
130 ecccccccee seccesesss 0.675 none 0.675 
E2Bsccvccccscccesessccces 0,98 none 0.98 
132 sere veeecersrscece se+ 0.554 none 0.554 
132 scccccesccccceseceees O57I none 0.571 
With fresh potash (sp. gr. 1.40). 

33 ccccccsscccccoce sooes 2.452 0.039 2.491 
134 seer eee cere eens eovees 2.447 0.044 2.491 
135 ccceeees sa ulaceiaarwece aren 0.855 none 0.855 
1.054 Standard .---+-++++ 1.033 0.030 1.063 
136 sssesecccees sansoeee 0.906 0.023 0.929 
137 scececcccceces seeee © 1,301 none 1.301 

With fresh potash (sp. gr. 1.40). 
138 cccccccccscccsccccees 1.298 none 1.298 
130 osecccccecceseccccess O99 none 0.98 
138 ere rrr Terr rer rei 1.27 none 1.27 
I cvess cgericcsvcevceceess T5167 none 1.167 
Mb rciniaceiand, wists ane Scaesaje! eit er 1.122 none 1.122 
Bocececcecnee tide Swe we eves 1.101 none I. IOI 
Als ieeiye oieeieseeieswnigciew as 0.957 0.008 0.965 
5 cceee axa eisatreamennieerees 1.116 none 1.116 

With fresh potash (sp. gr. 1.40). 
6 wceseee oc cccc cece eevee 0.959 none 0.989 
Civicetaedees inp anes 5.027 0.019 1.146 
eS gipie a att ewres eeeeee 0.984 none 0.994 
AS sccccccccecces vosecccs 1.00 0.015 1.015 
GAZ cove cccccces ecvecccees 1,052 none 1.052 
Gil SAW eee eeeee cree cece 0.89 none 0.89 


The reason why one set of potash bulbs always suffices to 
absorb all the carbon dioxide in the dry combustion process,’ 
and does not apparently always suffice in the wet combustion 
method, is doubtless that in the former way the evolution of the 
carbon dioxide is gradual and the gas largely diluted with 
oxygen, while in the wet combustion method the carbon dioxide 
is perhaps given off all at once in the beginning of the process, 
and hence in a state of greater purity and concentration. 
Results by the lead chromate method in the preceding table 

1 Dr. Drown, and doubtless many other chemists, by many experiments, has found 


this to be the case, and with the extensive use made of this method of combustion any 
tendency to loss in this manner could not have escaped notice. 
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indicate that when the carbon dioxide is given off almost pure 
and undiluted, the tendency of the gas to escape complete 
absorption by the potash bulbs is very great. 

But in using potash of specific gravity 1.40, it is seen that the 
amount of carbon dioxide absorbed by the second set of bulbs is 
usually very smallif any, and this small increase of weight is 
probably in very many cases not due to carbon dioxide but to 
moisture, for there is a certain quantity of moisture uniformly 
escaping absorption by the drying train. The drying train 
consists in this case of a Liebig bulb with strong sulphuric acid, 
then a large |J-tube filled with calcium chloride followed by 
potash bulbs with strong sulphuric acid. The unabsorbed 
moisture is consequently caught, or partly caught, by the 
absorption apparatus, and constitutes almost, if not quite, the 
entire ‘‘ dummy’’ to be deducted from the result in an ordinary 
determination. And the amount of the moisture so escaping the 
drying train, and absorbed, or partly absorbed, by the two sets 
of potash bulbs and prolongs, although pretty uniform and 
unvarying in total amount as shown by blank tests, is never- 
theless varying as regards the proportion absorbed by each 
absorption set. Results are shown by the following tests made 
in blank, with the same amount ofreagents, etc., asinaregulartest. 


First set of Second set of 
bulbs and pro- bulbs and pro- Total moisture 
long. Equiva- long. Equiva- equivalent 
lent to carbon. lent to carbon. to carbon. 
Per cent. Per cent. Per cent. 
One-half hour’s aspiration -- 0.015 0.060 0.075 
3 “ es ++ 0.051 0.016 0.067 
" si ++ 0.060 0.019 0.079 
“f . - +» 0.056 0.015 0.071 
ef ns us «+ 0.076 0.005 0.081 
ne “ es ++ 0.055 0.013 0.068 
¥e a es ++ 0.061 0.020 0.081 
“ nf a ++ 0.055 0.026 0.081 
a e " ++ 0.030 0.028 0.058 
ve Ef «+ 0.041 0.031 0.072 
One-fourth hour’s aspiration. 0.041 0.028 0.069 
me - “f ++ 0.049 0.020 0.069 
ee as o ++ 0.019 0.046 0.065 
“6 o a9 ++ 0.024 0.040 0.064 
s ee ee ++ 0.036 0.028 0.064 
- a = ++ 0.035 0.024 0.059 


1 Also weighed strong sulphuric acid bulb to this set. 
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Fresh sulphuric acid in drying train. 


First set of Second set of 
bulbs and pro- bulbs and pro- Total moisture 

long. Equiva- long.! Equiva- equivalent 

lent to carbon. lent to carbon. to carbon. 

Per cent. Per cent. Per cent. 
One-fourth hour’s aspiration. 0.047 —o.006 0.041 
se ¥s re ++ 0.052 0.016 0.062 
ei es -» 0.048 0.019 0.067 
= e fs ++ 0.039 0.021 0.060 
* ns sh ++ 0.000 0.057 0.057 


That these gains in weight are due mainly if not quite to 
moisture that the drying train failed to absorb, is shown by the 
following tests in which purified air was simply aspirated 
through the apparatus for about the same length of time, and as 
nearly as possible at the same rate of speed as the gas is evolved 
and air aspirated in an ordinary test. 


First set. Second set. Total moisture. 


One-half hour’s aspiration .-...--. 0.058 0.000 0.058 
One-fourth ‘ sere ee 0.038 0.026 0.064 

as ba we seeeee 0,032 0.044 0.076 
Five minutes’ aspiration ---+++ 0.012 0.033 0.045 


It is seen that there may be, in different determinations, consid- 
erable variation in the proportion of moisture absorbed by each 
set of bulbs, although the total amount is usually 0.065 per 
cent. in terms of carbon, or quite close to it. So in deducting 
‘* dummies’’ from each set of bulbs, this variation may cause an 
absorption of carbon dioxide to be indicated by the second set 
of bulbs, when in reality the gain in weight of this set of bulbs 
may be due merely to a variation in moisture from the ‘‘dummy’’ 
subtracted. The results with use of potash of 1.40 specific 
gravity therefore do not prove, when the amount of carbon is 
not unusually large, and the potash solution not too long in use, 
that one set of bulbs, using potash of that strength, is insuffi- 
cient. These results, and the dummy results following, indicate 
very plainly, however, the necessity for using more than one dry- 
ing apparatus after and with the potash bulbs. Mr. David H. 
Browne, in his admirable ‘‘ Hints to Beginners’’ in Journal of 
Anal. and Appl. Chem., speaks of this in connection with the 
wet method, although the necessity of it is perhaps not gener- 
ally recognized. But there is some little difference of opinion 
among chemists who use the other (dry) method of combustion; 


1 Also weighed strong sulphuric acid bulb to this set. 
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Dr. Drown, for instance, has found a single prolong filled with 
calcium chloride sufficient to catch all the moisture from the pot- 
ash bulbs. On the other hand Mr. Andrew A. Blair has noticed 
a loss of moisture from the prolong; and Dr. Dudley also hints 
at the same thing, and thinks it probable that ‘‘some of the diffi- 
culty in getting absolute blanks may be accounted for in this 
way.’’ Itis notstrange that in the dry method with a careful per- 
formance of the operation there should be, with some manipula- 
tors, acomplete absorption of the moisture by the prolong. Butin 
the wet method where the evolution of gas is more abundant and 
longer continued, it is the writer’s experience, at least, that the 
prolong filled with freshly dried calcium chloride usually falls 
very short of absorbing all the moisture from the potash bulbs, 
the moisture thus lost amounting sometimes to as high as 0.14 
per cent. in terms of carbon with one-half hour’s aspiration. 

But the escape of moisture from the prolong would be of no 
serious consequence (if dummy tests were carefully made) pro- 
vided the moisture so escaping was invariably uniform in 
amount. ‘The following tests, however, show a very great lack 
of uniformity in this respect and illustrate the necessity, in the 
wet method, of having more than the usual drying agencies 
after the potash bulbs to insure a uniform though probably still 
not complete absorption of the moisture from the potash bulbs. In 
these tests the moisture lost from the prolong was determined by 
absorbing it in a weighed potash bulb following and connected 
with the prolong, and having the two anterior bulbs filled with 
strong sulphuric acid. The results are consecutive, and are 
expressed in terms of carbon per cent: 

One-fourth hour’s aspiration—equivalent to carbon, per cent.: minus 
0.005 per cent.; plus 0.004 per cent.; 0.004 percent.; 0.004 per cent.; 0.002 
per cent.; 0.015 per cent.; 0.008 per cent.; 0.010 percent.; 0.019 per cent.; 
0.017 per cent.; 0.013 per cent.; 0.023 per cent.; 0.021 per cent.; 0.026 per 
cent.; 0.021 per cent.; 0.048 per cent.; 0.062 per cent.; 0.060 per cent.; 
0.062 per cent.; 0.058 per cent.; 0.060 per cent.; 0.052 per cent. 

With fresh calcium chloride in prolong: 0.015 per cent.; 0.003 per 
cent.; 0.018 per cent.; 0.012 per cent.; 0.015 per cent.; 0.000 per cent.; 
0.018 per cent.; 0.015 per cent.; 0.010 per cent.; 0.009 per cent. 

With fresh calcium chloride, and one-half hour’s aspiration : minus 
0.006 per cent.; 0.005 per cent.; 0.015 per cent.; 0.023 per cent.; 0.018 per 
cent.; 0.018 per cent.; 0.012 per -cent.; 0.018 per cent.; 0.027 per cent.; 
0.032 per cent.; 0.010 percent.; 0.006 per cent.; 0.016 percent.; 0.012 per 
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cent.; 0.020 per cent.; 0.025 per cent.; 0.022 per cent.; 0.016 per cent.; 
0.022 per cent.; 0.028 per cent.; 0.044 per cent.; 0.049 per cent.; 0.076 per 
cent.; 0.077 per cent.; 0.071 per cent.; 0.055 per cent.; 0.046 per cent.; 
0.053 per cent.; 0.119 per cent.; 0.138 per cent.; 0.074 per cent.; 0.081 per 
cent.; 0.065 per cent.; 0.053 per cent. Then with one-fourth hour’s 
aspiration 0.043 per cent.; 0.052 per cent.; 0.050 per cent.; 0.042 per cent.; 
0.081 per cent.; 0.050 per cent.; 0.043 per cent.; 0.043 per cent.; 0.046 per 
cent.; 0.029 per cent. 

The sulphuric acid bulbs in their turn doubtless let some 
moisture through ; but that by their use in connection with the 
prolong uniformity is obtained, is shown by the dummy results 
already given. 

It is not supposed that the prolong and the sulphuric acid 
bulbs together absorb absolutely all the moisture from the 
potash bulbs for the reason that the drying train before the 
potash bulbs, consisting of two sulphuric acid bulbs, and one 
large calcium chloride tube, allows moisture equivalent to 0.065 
per cent. carbon to escape in the course of a determination and 
therefore the drying apparatus after the potash bulbs doubtless 
also allows moisture to escape. 

The writer is inclined to think that no apparatus now used in 
the absorption of moisture in the carbon process will absorb the 
moisture completely when the flow of gas is brisk and continued 
as in the wet method. Mr. A. A. Blair considers anhydrous 
copper sulphate an excellent absorbent of moisture. In fact it 
dries the gas too thoroughly; so that, as Mr. Blair says, ‘‘the gas 
leaves the prolong with more moisture than when it entered the 
absorbing apparatus.’’ He therefore places a plug of moist 
cotton wool after the copper sulphate in the drying train and 
before the calcium chloride tube of the drying train in order to 
secure a uniformity of conditions in this particular. The loss 
of moisture from the prolong is thus equalized by a gain of 
moisture from the calcium chloride tube of the drying train. In 
this connection it is interesting to note a difference of opinion 
between Mr. Blair and Dr. Drown and others. Dr. Drown says 
that he finds no advantage in the use of the plug of moist cotton 
wool. Mr. Shimer, Dr. Dudley, and others seem to find no occa- 
sion for its use. As the only difference between the apparatus of 
Messrs. Drown, Dudley, and Shimer on the one hand, and Mr. 
Blair on the other (excepting the preheating furnace), is that the 
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former contains ferrous sulphate solution in the train immediately 
preceding the copper sulphate tube, it would seem a plausible 
inference that in the former case a plug of moist cotton wool, 
before the calcium chloride train is not needed because the 
moisture from the ferrous sulphate solution supplies the amount 
necessary to counterbalance that lost from the prolong—the 
anhydrous copper sulphate intervening in Messrs. Drown and 
Shimer’s apparatus being in that case not so good a drying agent 
after all. 

However easy and tempting this deduction may be, it is never- 
theless inadmissible from the simple fact that Dr. Drown finds 
that no moisture at all escapes from the prolong in his use of it. 
Hence the only explanation left us for the factthat Mr. Blair finds 
the use of moist cotton wool necessary or advisable and Messrs. 
Drown, Dudley, and Shimer do not, is of course the simple one 
that in the one case the passage of gas and the aspiration of air 
is allowed to proceed more gently than in the other, so that in 
this case moisture is neither drawn from the drying train on the 
one hand, nor lost from the prolong on the other. This isof course 
a perfectly reasonable supposition, but if a difference in manip- 
ulation merely (and probably a slight difference) is responsible 
for this difference in behavior, then it would seem best for the 
ordinary operator to be on the safe side by assuming that mois- 
ture does escape from the prolong, and to proceed accordingly. 

The writer nevertheless ventures to question whether there is 
any real need of introducing the moist cotton wool into the 
apparatus—whether, in fact, itis not distinctly inadvisable so to 
do. For, the less moisture carried into the weighed absorbing 
apparatus, the less variable will obviously be the amount of 
moisture escaping from it and the less, therefore, ‘‘the difficulty 
of obtaining absolute blanks,’’ and the more concordant the 
results. If more moisture escapes absorption by the prolong 
than is gained from the drying train, and the dummy is therefore 
a minus quantity, so much the better, showing, as it does, that 
the drying train is a good one and allows but little moisture 
through it. And it is just as easy to apply a plus correction to 
the result in a regular determination as a minus one; that is, if 
our dummy is minus we add instead of subtracting it from our 
results. The important matter is, of course, to get an absolute 
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dummy—one that does not vary, and the writer therefore thinks 
it better still to use a weighed sulphuric acid bulb or some other 
additional drying apparatus after the prolong to secure this 
uniformity until convinced by many such trials that (in the 
operator’s manner of procedure) no moisture escapes absorption 
by the prolong. For the writer, moisture does escape from the 
prolong, in the dry as well as in the wet method of combustion, 
varying in the dry method from 0.000 per cent. to 0.08 per cent. 
in terms of carbon, according to the freshness of the calcium 
chloride, its state of division, and the speed of aspiration. In 
using calcium chloride Dr. Dudley directs that it be freshly dried 
before use. This issuch a necessary precaution as to bear much 
iteration. 

A calcium chloride tube filled directly from a half-emptied 
bottle and therefore without previous drying lost by aspirating 
dry air through for two hours, equivalent to carbon: 0.047 per 
cent.; repeated, lost 0.14 percent. ; again, gained 0.02 per cent. ; 
again, lost 0.19 per cent.; again, lost 0.48 per cent. 

A wash-bottle with water was followed by this calcium 
chloride, and that in its turn by a weighed sulphuric acid bulb. 
The bulb gained in weight 0.32 per cent. and 0.29 per cent., 
so that the drying of the calcium chloride previous to use is an 
absolutely necessary precaution. 

It seems to be necessary with some potash solutions to aspi- 
rate air through before using. Several blank tests made with- 
out doing this showed a loss of weight, in the one case equal to 
0.048 per cent. carbon and in the other 0.o1rg per cent. carbon. 

In the writer’s experience a most serious difficulty with the 
wet method of combustion is, that occasionally results are 
obtained from 0.05 to 0.07 per cent. above the truth, due appar- 
ently to some chloro-chromic compound other than that absorb- 
able by Prof. Langley’s ‘‘pyro’’ mixture. At least the writer 
can offer no other explanation, the purifying train including : 
water kept cold for hydrochloric acid according to Porter 
Shimer ; ferrous sulphate for chlorine according to Dr. Dudley ; 
‘‘pyro’’ mixture for chlorine, oxides of chlorine, and chloro- 
chromic anhydride according to Prof. Langley ; and silver sul- 
phate in strong sulphuric acid for hydrochloric acid. 

It is known that the wet method is unsuited for graphite de- 
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terminations owing to a portion of the graphite being oxidized 
merely to carbon monoxide. 
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By H. W. WILEY AND W. H. KRUG. 


Received February 15, 1898. 
HE study of the nature of the carbohydrate bodies which 
+ exist in foods has been vigorously prosecuted by chemists 
in different parts of the world during the past few years. The 
result of these studies has been to arouse new interest in the 
standard methods of starch determination. The numbers which 
are secured by different workers for starches vary so greatly as 
to lead to the belief that the estimation of starch is not such an 
easy matter as is generally supposed; in fact, long experience 
has convinced us that there are few operations in agricultural 
analytical chemistry which require greater skill, or are attended 
with greater difficulties than the estimation of starch in the 
presence of the other carbohydrate bodies. 

At a recent meeting of chemists in England, it was stated in 
one of the papers that the methods of starch determination are 
now so easy of application and so accurate that there is no longer 
any excuse for being ignorant of the exact content of starch in 
any body. Stone, in Bulletin No. 34 of the Office of Experi- 
ment Stations, described a method which was easily seen to be 
erroneous, yielding only about half as much starch as was really 
contained in the samples examined. A cursory glance at the 
methods of analysis employed by him convinced us that the 
fault was insufficient saccharification, due to the weakness of 
the acid and the shortness of the time of heating. 

In a subsequent article’ Stone called attention to the error of 
his previous statements, and proposed a modification of his 
first published method, which, as is seen below, gives very much 
better results. Having to estimate, annually, the starches in 
many hundreds of substances, we were led to make a compara- 


1 Read before the American Chemical Society and Section C of the American Asso- 
ciation for the Advancement of Science, at Detroit, August 12, 1897. 
2 This Journal, 19, 347. 
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tive study of the standard methods which have been used for 
starch determination, and of some modifications which seemed 
to us worthy of trial. The standard methods which we employed 
were those described in ‘‘ Principles and Practice of Agricultural 
Analysis,’’ 3, 196-222, and 300-302. ‘The materials which we 
used in our investigations were starches of commerce, the ordi- 
nary cereal grains, and a sample of the wheat which was the 
subject of the investigations of Stone, and which was kindly fur- 
nished us by Professor Stone. We give below a brief résumé 
of the work we have done. 

The sample of spring wheat No. 1, which we received from 
Professor Stone, was examined for all of its principal constituents, 
according to the official and standard methods of analysis, and 
the data obtained by him and by us are given below. The 
moisture stated in the second column of the appended table was 
determined by drying for five hours in a high vacuum at 100°. 


PRELIMINARY GENERAL ANALYSIS. 


Data obtained by 


Stone. Wiley and Krug. 
Spring wheat No. 1. Per cent. Per cent. 
NE ig eecue kes ebhawek webs 8.55 10.65 
Ether extract...< ccccccsceccccecs 2.00 2.24 
SE wits «sens Reed when awe eadee 1.43 5:99 
RE bse cw a eveisn ae an ae ais-elbaeie eeuies 2.97 2.56 
Albuminoids ..--.sssseeceecceecs 14.22 14.44 
PeGGOGRUE ¢ ccccscves Prerrrre cri r 4.54 Oy) 
Starch and undetermined........ 66.49 63.17 


Before determining the starch it seemed of interest to take the 
sample in the state in which it was sent, as we assumed that it 
had thus been analyzed by Professor Stone. It also seemed to 
us that the digestion with malt extract prescribed by him was 
not long enough to insure the complete conversion of the starch 
into maltose and dextrins. ‘To determine this, one set of sam- 
ples was digested one hour at 60°, and another set two and one- 
half hours at 50°, since Lintner states that diastase is most 
active at this latter temperature. The results obtained show 
that our surmise was correct. 
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Wiley and Krug 








Stone method. method. 

Per cent. Per cent. 

Spring wheat No. 1. of starch. of starch, 
@ eccevcces oe cceeccece eeeeecceeeees 50.27 57-39 
ih 6:6 lo ketene aces eatwiaarmce seeeeeeeees 57,00 58.73 
O sisaieine ds visine wis evence arenes s ceecees 58.65 59.88 
Means sos éscwewevancenveee 57-31 58.66 


The residues from the diastase digestion were all thoroughly 
washed with hot water and then examined with iodine under the 
microscope. In every case a large number of cells was found 
which contained undigested starch, showing that the sample 
had not been ground to a sufficient degree of fineness. This is, 
therefore, another source of error in Professor Stone’s work. 
The sample was,then reground and the starch determined by 
three methods; v7z., first, the Reinke lacticacid method, second, a 
method which differs from this by the use of five-tenths gram of 
salicylic acid instead of lactic acid, and third, the diastase 
method. The residues were again examined and in every case 
found free from starch, showing that the conversion had been 





complete. 
The following results were obtained : 
Reinke Salicylic acid Diastase 
method. method. method. 
Per cent. Per cent. Per cent. 
Spring wheat No. I. of starch, of starch, of starch. 
Bisa sere Bren cilaniaia sigetacereure « 62.22 63.25 62.66 
B sccccsce evccccccccceces 62,41 3.09 62.25 
Go cvccegesesce Jecsacceecet Sears 62.94 
Means ---++e-eee++ 62.32 63.09 62.46 


As is subsequently shown, the result obtained by the last 
method is more probably correct. The number for starch thus 
obtained, added to our per cents. of the other constituents gives 
us a total of 99.28. The separate determination of the sucrose, 
galactan, invert sugar, and dextrin, originally present, was 
omitted, and these bodies are included with the starch. 

This work led us to undertake an investigation of other 
methods for the determination of starch which have been pro- 
posed from time to time, our desire being to avoid, if possible, 
the use of diastase and to shorten the time of procedure. 

It seemed that this might be accomplished by polarizing the 
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products of hydrolysis and thus avoiding the labor incident to 
the gravimetric method of determining copper. To this end, 
several methods were tried. ‘These methods depend either on 
the complete conversion of the starch into dextrose or on the 
formation of soluble starch, maltose, and dextrins. 


THE GUICHARD METHOD. 


Guichard’ proposes to boil four grams of the material for one 
hour with 100 cc. of ten per cent. nitric acid (ten cc. strong acid 
(sp. gr. 1.42) to ninety cc. water) in a flask provided with a 
return condenser. The solution is cooled, filtered, and polarized. 
The starch is found by the formula 


av X 25 X 0.016 
A> ——__ 
2X 52.8 
where a =rotation in angular degrees, v = volume of liquid, 
and A= starch transformed. As our polarizations were made 
with a Schmidt and Haensch instrument, the dextrose was 
determined by the formula 

a X 100 
2)p = ——— 
( Yo c x I ’ 


where a = rotation, c= weight of dextrose, /= length of tube 
in dm., and (a)p = 5§2.8°. 


THE PRESSURE METHOD. 


Three grams of substance are heated in a flask with eighty to 
ninety cc. of water until pasty, and the starch rendered soluble 
by heating from three to five hours in an autoclave, at from two 
to three atmospheres. The volume is completed to 100 cc. and 
the solution polarized. The gyrodynat of soluble starch pre- 
pared in this way varies from (a@)p) = 196.5° to 197°. 

THE BAUDRY METHOD. 

To 2.883 grams of the substance (for Schmidt and Haensch 
instrument) add from eighty to ninety cc. of water and five- 
tenths gram salicylic acid. Boil twenty minutes, dilute to about 
190 cc., add one cc. ammonia, cool, dilute to 200 cc., filter, and 
polarize in a 400 mm. tube. Multiply the result by three. 
Baudry determined the gyrodynat of soluble starch to be (a), = 


1 This and the following polarimetric methods are described in detail in Vol. III of 
“ Principles and Practice of Agricultural Analysis.” 
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202.66° at 15°-18° C., when sucrose = 67.3° (Girard and de Lug- 
nes), and 200.25° when sucrose = 66.5° (Tollens). As the 


normal weight for sugar is 26.048 grams ((@)p)= 66.5°) the nor- 
26.048 X 66.5° 


200.25° 

We furthermore tried to apply polarization to the solution 
obtained by the Reinke method. Three grams of the material 
were heated two and one-half hours in the autoclave with thirty 
cc. of one per cent. lactic acid and 25 cc. of water at three and one- 
half atmospheres, diluted to about eighty cc. and inverted two 
and one-half hours with five cc. hydrochloric acid of 1.20 specific 
gravity. The volume of the solution was then completed to 100 
cc., filtered, and polarized. The results show that the polarizing 
power of the solution was too high and that too little acid had 
been used, and another series was made in which the quantity 
of acid was doubled. In this case, the results were too low. 
The solutions were always highly colored, and we were unable 
to polarize them without previous treatment with bone-black. In 
the following table are given the results obtained by the polari- 
metric methods above described. 

Nos. 1 and 2 are samples of commercial corn starches, Nos. 3 
and 4 specimens of wheat obtained at the Columbian Exposition. 





mal weight for starch will be = 8.650 grams. 


COMPARISON OF POLARIMETRIC METHODS ON STARCH AND 








WHEAT. 

Reinke Reinke 

Guichard Pressure Baudry method. method. 

method. method. method. Five ce. acid, Ten cc.acid 

Per cent. Per cent. Per cent. Per cent. Per cent. 

starch. starch. starch. starch. starch. 

I. Starch ...-. 83.9 sees 67.8 100.16 76.33 
80.04 eee tees 101.26 76.33 

80.90 eee eae 

Means... 80.97 sees eee 100.71 76.33 

2. Starch -..-. 83.72 cece 80.4 101.81 79-73 
84.18 tees tees 102.90 76.33 

Means-.- 83.95 tees see 102.36 78.03 

3. Wheat .---- 55.43 36.45 28.89 83.45 50.35 
55-94 41.66 sees 82.26 49.86 

Means... 55.69 39.06 sees 82.66 50.11 

4. Wheat ..... 53-59 36.45 36.00 96.56 49.62 
53-13 36.45 35-46 92.99 49-34 


Means.-. 53.36 36.45 35-73 94.78 49.48 
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This table shows that there is much variation between the 
results obtained by the different methods. The Guichard 
method gives promise of being applicable to pure starches, but 
does not give good results with wheat. When the nitric acid 
is added to the cereal the oxidizing action is very violent for 
some minutes, and the proteid matters which are brought into 
solution doubtless counteract, to some extent, the right-handed 
rotation dueto thedextroseformed. Itisevidentalso that the acid 
brings a large proportion of the pentosans into solution. It 
seems probable that a careful study of the conditions under 
which the Reinke method should be used may render this method 
available. The pressure method fails to render all the starch 
soluble, as was shown in the work with pure starch, where in 
every case the solution contained large quantities of gelatinized 
starch, which made filtration and polarization almost impossible. 

The use of salicylic acid in the Baudry method suggested its 
substitution for lactic acid in the Reinke method, as it was no- 
ticed that the solutions obtained with it were very free from cara- 
melization. It was found that this was also true of the solutions 
obtained with it in the autoclave. The results were proportion- 
ately higher and indicate that lactic acid inconjunction with the 
pressure decomposes a considerable portion of the pentosans 
present. Comparative estimations on the same samples gave the 
following results: 








Lactic acid. Salicylic acid. 
Material. Per cent. starch. Per cent. starch. 

To SEATON osccscwsesQoeseeeenes 82.93 84.27 
2. Starch «vcccce cece ccccccvece 82.60 84.03 
3. Cornstarch. +.+eereeseeeeeee a 83.96 a 84.27 
6 83.66 6 84.46 
c 83.84 c 84.21 
ad 83.72 ad 84.24 
MEeans-e+s ccccee cece 83.795 84.295 
4. Wheat .---- cceccccccccecees 62.25 63.17 
5. TORE 6cwk dened oqeeweendane 62.32 63.09 


These figures show a fairly uniform increase in the amount of 
starch found when salicylic acid was used. It might be claimed 
that this increase in the case of wheat is due to the greater 
solubility of the pentosans present in the cereal and not to the 
greater solvent power of the salicylic acid on starch. In order 
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to determine whether this is the case, three grams of wheat were 
treated in the autoclave by two methods, 100 cc. of the filtrate 
distilled with twelve per cent. hydrochloric acid and the furfurol 
determined. It was found that lactic acid dissolved 3.55 per 
cent. of pentosans and salicylic acid 3.69 per cent. in terms of the 
substance. It is therefore evident that both acids exert a like 
hydrolyzing power on the pentosans and the increased percent- 
age of starch by salicylic acid is not due to this property. The 
solutions obtained with salicylic acid were never at any stage of 
the process darker than a straw-yellow while the final liquid 
obtained with the Reinke method is generally deep brown, show- 
ing that considerable caramelization has taken place. We there- 
fore recommend the use of salicylic acid in place of lactic acid 
when it is necessary to determine the fermentable constituents of 
a cereal by the high pressure method, and also with the proper 
corrections for general analytical work. 


METHOD OF LINDET. 


Lindet ' describes the following method for the direct deter- 
mination of starch. 

According to an observation of Girard, the grains of starch in 
the cereals are surrounded with a glutinous envelope, and the 
principle of the new process of Lindet is based upon the solution 
of this envelope by pepsin under such conditions as to prevent 
any hydrolysis of the starch. After the solution is complete, the 
starch granules are easily washed out, collected, dried, and 
weighed. The process is therefore one for the direct determina- 
tion of starch, and gives promise of usefulness in the technical 
examination of cereal grains to be used for starch-making. The 
cereal grains are finely ground and ten grams of the flour are 
placed ina vessel and covered with a solution containing two 
per cent. of pepsin and one and one half per cent. of hydro- 
chloric acid. ‘The mixture is left for twelve or fourteen hours, 
with frequent shaking, at a temperature of from 40° to 50°. The 
contents of the vessel are then poured upon a fine bolting-cloth, 
the cloth gatheied into the form of a knot and washed in a cap- 
sule of water until starch is no longer removed. The wash- 
waters containing the starch are brought together, treated with 


1 Bulletin de l’Association des Chimistes de Sucrerie et de Distillerie, 14. 405 
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a little formic aldehyde or mercuric chloride to prevent bacterial 
action, and the starch is collected upon a weighed filter. The 
filtration is somewhat tedious, especially when the cereal con- 
tains large quantities of gum. It can be facilitated, to a certain 
degree, by adding tothe filter a known quantity of calcined and 
washed pumice stone. The collected starch is dried at first at 
50° and finally at 150°. Lindet has assured himself, by careful 
trial, that the presence of the hydrochloric acid in the quantity 
noted above prevents the action of any of the natural diastases 
or enzymes which the cereal may contain upon the starch, but 
that a hydrochloric acid of that strength exercises, at the tem- 
perature employed, no hydrolyzing effect whatever upon the 
starch granules. 

The method appeared to be so short and easy of manipulation 
that we decided to try it. For this purpose four cereals were 
purchased and prepared; v7z., wheat, oats, rye, and barley. A 
general analysis was first made which gave these results : 


Wheat. Rye. Oats. Barley. 
Per cent. Per cent. Per cent. Per cent. 
MEGISUUTCso:50004s one coiancs 12.33 II.71I 9.26 12.20 
Ether extract -..--++eeeee 2.00 1.63 4.72 0.92 
Fiber 2.00 cccccccccccccess 2.15 2.36 12.81 0.80 
BBN 60 sic cece scene cece ooier 1.69 2.31 3.78 0.93 
Proteids...cccceccccescese 12.19 11.69 9.63 10.44 
Pentosans --+++- sees eeeees 5.80 8.10 13.65 6.50 
(a) Starch’ (salicylic acid 
method ).--.eeeecee 64.41 62.64 46.78 68.38 
(6) Starch! (diastase 
Inethod )---+sceere 63.17 61.55 45.05 67.56 
Total (including starch @) 99.57 100.44 100.63 100.17 
Total (including starch 4) 98.33 99.35 98.90 99.35 


The starch was determined both by the use of salicylic acid as 
described above and by the means of diastase. The increase 
due to the hydrolyzing action of the acid is clearly shown by the 
data and proves that its use as well as that of other organic 
acids is warranted only when analytical data are desired in con- 
nection with the technical use of high pressure in commercial 
operations, or when the final data are corrected as hereinafter 
described. 


1Including sugar, galactan, dextrin, etc. 
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In our application of the Lindet method to these cereals we 
reduced the amount taken to three grams, as it seemed desirable 
to estimate the starch not only by direct weighing but also after 
conversion into dextrose, and this quantity was found very con- 
venient to handle on the bolting-cloth. The starch was also 
determined in the residue left on the cloth, and the starch which 
was washed through was dried and weighed, then gelatinized, 
treated with malt extract, and determined as usual. It was then 
found that in most cases some fiber had gone through the cloth 
and rendered the results too high. 


LINDET METHOD. 


Direct weight. Determination after conversion into dextrose. 
Cereal. Starch. Residue. Total. Starch. Residue. Total. one 
Percent. Percent. Percent. Percent. Percent. Percent. Per cent. 

Oats ----- 44.19 0.14 44.33 44.27 0.14 44.41 
44.31 0.00 44.31 43-73 0.00 43-73 0.58 
43.81 0.33 44.14 43-47 0.32 43-80 0.34 
Barley --- 71.41 0.97 72.38 66.47 0.97 7.44 4.94 
72.72 0.00 7342 67.47 0.00 67.47 5.25 
71.66 0.98 72.64 66.51 0.98 67.49 5-15 
Rye.eeree 61.24 0.79 62.03 58.18 0.79 58.97 3.06 
60.83 152% 62.04 57-94 1.25 59-15 2.89 
59.83 2.41 62.24 57-68 2.41 60.09 2.35 
Wheat --- 67.35 0.00 67.35 60.18 0.00 60.18 EF 
66.05 0.60 66.65 60.11 0.60 60.71 5-94 
66.55 0.00 66.55 60.26 0.00 60.26 6.29 


This table shows that not quite all the starch was removed by 
the washing in every case, and that some material which is not 
starch is counted as such. It required almost a week to filter 
the liquid containing the starch and this was no doubt due to 
the pepsin present. It wasalso quite impossible to keep some 
of the starch granules from running through the filter. The 
method is therefore more tedious than the common processes and 
not nearly so accurate. 

One of the main sources of error in the estimation of starch in 
a cereal is the difficulty of converting it all into soluble products. 
This is due to the fact that the starch granules are imbedded in 
proteid matters and are thereby partially protected from the 
action of the solvent. We have therefore combined the use of 
pepsin to dissolve this protein with the salicylic acid method 
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described above. Three grams of the cereal were digested four- 
teen hours at 45° C. with thirty cc. of pepsin solution, the hydro- 
chloric acid carefully neutralized with sodium carbonate, five- 
tenths gram salicylic acid added, and the material heated two 
and one-half hours in the autoclave to three and one-half atmos- 
pheres. The neutralization of the hydrochloric acid is necessary, 
since it would dissolve additional quantities of the pentosans 
present. Some curious color-reactions took place during the 
process. The neutralization with sodium carbonate turned the 
solution light green. On removal from the autoclave it was 
found to bea straw-yellow, but after neutralizing the hydro- 
chloric acid used in the final inversion the liquid again became 
deep green. This is probably due to the products formed by the 
action of the pepsin on the proteids. The results obtained fol- 
low : 


Starch, 





—s Means. 

Per cent. Per cent. Per cent. Per cent. 
RIG aiais-s'osiew-eidiee 64.50 64.51 64.44 64.48 
Rye eeeee ce ceeces 62.41 62.14 62.50 62.35 
Oats oeeeeeeeeeeees 47.29 47.42 47.08 47.26 


A comparison of these results with those obtained by the sali- 
cylic acid method alone shows aclose concordance. ‘The use of 
pepsin is, however, a safeguard which it is well always to 
apply as it insures the thorough solution of the starch. The 
pepsin must be free from material which exercises a reducing ac- 
tion on the copper solution. We have also tried the combination 
of the pepsin and diastase digestions, but reserve the report: on 
this method for further study. 

We also have thought [it advisable to apply taka-diastase 
instead of malt extract for dissolving the starch, since it can 
easily be obtained in a dry form and retains its activity for a con- 
siderable length of time. We were not able to study its action 
thoroughly on account of lack of time, but found that five-tenths 
gram of taka-diastase required twelve hours to completely dis- 
solve the starch in three grams of wheat. The experiment was 
made at 50°. It was found that the taka-diastase contained no 
reducing substances, which is an advantage over malt extract. 
The solutions obtained with it had commenced to decompose at 
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the end of twelve hours and it was therefore deemed inadvisable 
to estimate the starch in them. 

We have also tried quite extensively the pancreatic diastase 
prepared by Frederick Stearns & Co., of Detroit, and found it 
exceedingly active and free of any reducing matter. The indi- 
cations are that it may prove to be the most desirable form of 
hydrolyzer yet used. The data obtained by us with this reagent 
will be increased and made the subject of another communica- 
tion. 

Following are the conclusions which are drawn from the vast 
amount of analytical data which has been accumulated.’ 

1. All the heretofore described methods for determining the 
percentage of starch by polarization, whether with the soluble 
starch or with dextrose made therefrom, are liable to grave 
errors and none of them can be relied upon to give accurate 
results. The only advantage which can be claimed for such 
methods is in the saving of time. The sources of error, how- 
ever, are so great as to nullify the advantage of time-saving. 

2. The methods depending upon hydrolysis in an atmosphere 
of steam under pressure are obnoxious to the danger of caramel- 
ization. This seems to be entirely prevented by the addition of 
a very small quantity of an organic acid. Of the organic acids 
suggested tartaric is excluded on account of its optical prop- 
erties. Of lactic and salicylic acid the latter is to be preferred. 
In all cases where dilute organic acids are employed the pento- 
sans of the cereal and its products are hydrolyzed to a consider- 
able extent. The presence of the sugars produced by the 
hydrolysis of the pentosans increases the quantity of metallic 
copper obtained and thus raises the apparent percentage of 
starch. In these cases, a correction must be made by determining 
the quantity of pentose sugar present and diminishing the per- 
centage of starch obtained in proportion to the quantity of pen- 
tose sugar found. 

In this instance, adifficulty arises from the uncertainty concern- 
ing the quantity of pentosan corresponding to a given amount of 
sugar produced therefrom reckoned as dextrose. We have seen 


1 More than 500 gravimetric determinations have been made by Mr. W. H. Krug in 
prosecuting this research. In each case the reduced cuprous oxide was dissolved and 
the metallic copper precipitated electrolytically. 
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that salicylic acid, in the autoclave, under the conditions speci- 
fied above, dissolved 3.69 per cent. of pentosans calculated on 
the weight of the ground cereal employed. We have shown in 
another paper that diastase dissolves very little pentosan from 
cereals. It is therefore easy to make a determination of the cop- 
per reducing power of the dissolved pentosans reckoned in terms 
of dextrose. Ina preceding table, we have shown the excess of 
reducing sugar, obtained by the salicylic acid under pressure, 
over the amount secured by the diastase method without pres- 
sure. In the case of wheat this excess was 1.24 per cent., in 
rye 1.09 per cent., in oats 1.73 per cent., and in barley 0.82 per 
cent. 

The mean excess for the four cereals examined was 1.23 per 
cent. In the case of wheat, therefore, it is seen that 3.69 per 
cent of dissolved pentosans yielded an amount of reducing sugar 
equivalent to only 1.24 per cent. of dextrose. We therefore pro- 
pose, in the case of wheat, when the salicylic acid method is 
used with pressure in the autoclave, to diminish the apparent 
per cent. of starch by 1.25.. Where greater exactitude is required 
the pentosans should be determined and the per cent. found 
divided by three. The quotient will be the figure to be sub- 
tracted from the apparent percentage of starch obtained. 

3. The direct weighing of the starch, according to the method 
of Lindet, after solution of the protein by means of pepsin, has 
many advantages for practical work, especially in starch factories. 
Small particles of other matters, however, of no greater size 
than the starch grains themselves, pass through the bolting- 
cloths and are reckoned as starch in the final weighings. This 
error is partly compensated for by a portion of the starch remain- 
ing attached to the filter and the final result by the Lindet method 
is in some cases approximately correct. 

4. The combination of the Lindet method, in so far as the 
solution of the protein is concerned, with the diastase method as 
practiced by us, has given most encouraging results and it is 
probable that a satisfactory method of starch estimation can be 
worked out in this line. 

5. The diastase method without pressure gives satisfactory 
results when the diastase is freshly prepared and used in proper 
quantities and at an appropriate temperature. The diastase 
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exerts only a small solvent action on the pentosans and the final 
hydrolytic products obtained are not contaminated with any 
appreciable amounts of pentose sugars. The use of taka-dias- 
tase is worthy of further investigation since it can be easily pre- 
pared uncontaminated with any reducing sugars. The sample 
we employed, however, was not very active, requiring several 
hours more time for a complete solution of the starch than dias- 
tase recently prepared from malt. The materials on which the 
diastase acts should be ground to the finest possible powder and 
should be previously extracted with ether to prevent the retard- 
ing action of fat on the ferment. ‘The treatment with diastase 
should always be repeated after boiling and cooling to about 50°. 
The residue must not show any starch granules when stained 
under the microscope with iodine. 

6. The time at our disposal did not permit us to make a com- 
parative trial of saliva as a solvent for the starch. This part of 
the problem remains to be worked out, and it is hoped that 
saliva will be found to exert a minimum solvent action on the 
pentosans and celluloses present in cereals. 

7. The summation of the several per cents., obtained in the 
analysis of a cereal or cereal product by the methods employed 
by us, does not in all cases approximate closely to 100. The 
variations are somewhat greater than in ordinary mineral 
analysis. They are, however, not of such a magnitude as to 
warrant the assumption of the existence in cereals of a class of 
bodies of unknown properties and different in any marked degree 
from those already known toexist. In this connection, it should 
not be forgotten that in the estimation of the ash by the official 
method there is danger of loss of chlorine, sulphur, and phos- 
phorus, especially of the former and latter, the organic phos- 
phorus escaping combination with the already saturated bases 
present. In some recent experiments we have found the loss to 
be more than one per cent. of the total weight of the cereal 
employed. When this fact is taken into consideration, it is evi- 
dent that there is practically no constituent unaccounted for in 
the analytical data. The small quantity of matter unaccounted 
for in the cereal grains is doubtless of a carbohydrate nature, 
belonging to that complex class, pentosan-ligno-celluloses, whose 
chemical and physical properties are so nearly alike as to make 
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their exact separation and determination extremely difficult. 
The quantity of these undetermined bodies in cereal grains is 
very minute. In stalks and straw, and other bodies containing 
a large excess of ligno-cellulose compounds, this quantity is 
doubtless much larger. 





[CONTRIBUTIONS FROM THE CHEMICAL LABORATORY OF THE U.S DEPART- 
MENT OF AGRICULTURE, NO. 31.] 
THE SOLUBILITY OF THE PENTOSANS IN THE REA- 
GENTS EMPLOYED IN THE ESTISATION OF STARCH. 


By W. H. KRUG AND H. W. WILEy.! 


Received February 15, 1898. 
HE methods which have been generally adopted for the 
quantitative determination of starch in a cereal or fodder 
are based on one or two principles; v7z., the application of high 
pressure in contact with water containing some organic acid, to 
prevent the decomposition of the sugars formed during the 
hydrolysis, or the conversion of the starch by means of diastase. 
The results obtained by the former methods are always a little 
too high and do not represent the actual starch content of the 
material under examination. In analytical work where it is 
desired to obtain the exact percentage of starch, diastase must 
be used and the application of any acid avoided until those 
bodies which may be acted upon by it have been removed by 
filtration, or else a correction must be applied as described in 
our preceding paper. The increased amount of starch found by 
the use of high pressure methods is due to the action of the 
organic acid on the pentosans and hemicelluloses present which 
results in the formation of reducing substances. 
We have determined the amount of pentosans dissolved in the 
application of these methods with the following results : 
1. Solubility of the pentosans by digesting for two and one- 
half hours at three and one-half atmospheres with thirty cc. 
of water and twenty-five cc. of one per cent. lactic acid: 


Per cent. of Pentosans dissolved. 
pentosans in In per cent. of In percent. of 
Substance. substance. substance. pentosans. 
Wheat No. I--++eeeeee 5.80 4.63 79.83 
Wheat No. 2 ..--+-eee- S587 4.66 90.13 


1 Read before the American Chemical Society and Section C of the American 
Association for the Advancement of Science, at Detroit, August 12, 1897. 
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2. Solubility of pentosans by digesting for two and one-half 
hours at three and one-half atmospheres with fifty-five cc. of 
water and five-tenths gram salicylic acid: 


Per cent. of Pentosans dissolved. 
pentosans in In per cent. of In per cent. of 
Substance. substance. substance. pentosans. 
Wheat No. I ---eeeeeee 5.80 4.54 78.27 
Wheat No. 2---+eeeee+ 5.17 4.08 78.91 


The pentosans which had gone into solution were determined 
by diluting the liquid to 250 cc. after cooling, filtering, and dis- 
tilling 100 cc. of the filtrate with twelve per cent. hydrochloric 
acid until no furfural could be detected in the distillate. The 
furfural was precipitated with phenylhydrazin acetate in the 
usual manner. 

J. Konig, in an article on the methods of analysis used in the 
examination of fodders published in Landwirthschaftlichen Ver- 
suchs-Stationen, 48, 81, states that diastase also acts as a solvent 
for pentosans and hemicelluloses and gives the following figures: 


Per cent. of Pentosans dissolved by diastase. 
pentosans in In per cent. of In per cent. of 
Substance. substance. substance. pentosans. 
RyCeeeccecccececccees 8.90 2.22 24.95 
PERG sc cecacecnccadeaes 3.62 1.02 28.17 
Potatoes ----+- cece ccee 4.54 0.94 44.34 
Rye straw--.----- e+ee+ 18.07 2.74 15.22 
Pea straw -+ e+cccces 10.27 1.85 18.11 


If this were true, it would render the diastase method fully as 
unreliable as the high pressure methods and the problem of 
determining the exact starch content of a material would be as 
far from solution as ever. We therefore decided to investigate 
this point with the following results : 

Solubility of pentosans by digesting with thirty cc. malt 
extract (100 grams malt to one liter of water) until all starch 
had been converted: 


Per cent. of Pentosans dissolved by malt diastase. 
pentosans in In per cent. of In per cent. of 
Substance. substance. substance. pentosans. 

Wheat ..-- +++. eeeeee 5.80 0.011 0.181 
Barley ----++-- cosscece 6.50 0.010 0.151 
RYE oseceeccccsccees 8.10 0.016 0.195 
0.017 0.206 
Oats coerce eeeeeeeees 13.65 0.010 0.071 


0.010 0.071 
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Solubility of pentosans by digesting with five-tenths gram 


taka-diastase until all starch had been converted: 


Per cent. of Pentosans dissolved. 
pentosans in In per cent. of In per cent. of 
Substance. substance. substance. pentosans, 
Wheat «--- eee scenes 5.80 O.OII 0.194 
0.012 0.199 
Barley -.-secesccceee 6.50 0.015 0.238 
Rye eeeeccce cece cces 8.10 0.017 0.209 
BEE 50:56 :6:650:00 8 eenicn 13.65 O.OII 0.079 


The small amounts of pentosans found here are, without doubt, 
not due to any solvent action of the diastase on the pentosans as 
it is well known that soluble starch, dextrin, sucrose, and all 
hexoses will yield small amounts of furfural when distilled with 
twelve per cent. hydrochloric acid. We are therefore justified 
in assuming that diastase has no solvent action on the pentosans 
and is a reliable means for determining the exact starch content 
of a cereal or fodder. 





A NEW ELECTROLYTIC STAND. 


By GEORGE J. HOUGH, 


Received February 3, 1898. 
HE electrolytic stand herein described was devised and 
made by myself, and is, as I believe, an entire novelty. 
It is very simple and easy of construction, and anyone with a 
little knowledge of tools can make it for himself. 




















By arranging on an upright board a double series of binding 
posts for the attachment of the electrodes, and also by the use?of 
a number of copper disks in the base of the stand for direct con- 
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tact when platinum dishes are used as electrodes, the capacity 
for continuous and manifold work is great. The stand is pro- 
vided with a cut-off switch to control the current, and all the 
wires are hermetically sealed within the stand, thus protecting 
them from vapors, acids, etc. 

The stand, as illustrated here, consists of a base fifteen inches 
long, six inches wide, and about seven-eighths of an inch thick. 
To one of the long edges is fastened an upright piece thirteen 
inches long, six inches wide, and seven-eighths of an inch thick, 
forming the back ; and above this is the top, a piece of the same 
length and thickness, but only three inches wide, which pro- 
jects horizontally over the back on both sides. 

On the rear corners of the base are the two binding posts for 
connection with the battery wires, one of which binding posts is 
in connection with all the positive electrodes, and the other is in 
connection by means of the switch with all the negative elec- 
trodes. In the middle of the base are set the copper disks, 
which are of thin copper, one and three-fourths inches in diame- 
ter, and may be of any suitable number, depending on the size 
of the base. To one side of the copper disk is soldered a small 
piece of brass rod tapped with a screw thread, as is represented 
in the diagram. Hence it is only necessary to sink a hollow in the 
top of the base, so that the disk shall lie flat on the surface, and 
it can be readily attached in the same manner as a binding post. 

At one end of the base is the cut-off switch, which is quite es- 
sential in such a stand, as it is desirable to interrupt the current 
while attaching or removing a solution for electrolysis. On the 
back of the stand at about two-thirds of its height, is a hori- 
zontal row of binding posts; and on the front edge of the top is 
another row of binding posts exactly corresponding to those be- 
low them in number and position. It is well to have as many 
pairs of binding posts as there are disks in the base of the stand. 

Small tunnels, less than one-third inch in diameter, are bored 
through the various parts of the stand to contain the necessary 
wires. The arrangement of the wires will be readily seen from 
the accompanying diagrams, which show the tunnels, binding 
posts, and copper disks, and also the small holes at the tunnel 
intersections for facility in wiring. Inthe plan of the base, G is 
the switch-pivot, and is in direct connection with the main bind- 
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ing post H, while the switch makes and breaks contact at E with 
the cathodes and the copper disks. 

The wire used for the different connections is insulated copper 
wire, No. 23, though that is entirely a matter of choice, but it 
should not be too thick or it will be found difficult to pass it 
through the tunnel connections. When the wires are all in and 
the connections completed, all openings to the tunnels are 
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plugged up with paper and sealed with paraffin wax; the bases 
of the binding posts and disks are also filled in with wax. 

The stand can easily be made in a day’s work, as it only 
takes a short time to bore the tunnels and adjust the connec- 
tions ; inserting the wires is the slowest task, but when this is 
once well accomplished and the openings sealed up, the stand is 
good for a great many years’ wear, as all connections are care- 
fully protected from injury by handling or otherwise, and the 
only danger to guard against is the burning out of the wires by 
a very strong current. 

In the plans given here, the binding posts on the top of the 
stand are intended to carry the anodes; and the binding posts on 
the back for the attachment of the cathodes. It will also be 
noticed that the copper disks are in connection as cathodes, 
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though of course this order can be reversed by changing the 
order of the battery wires at the two main binding posts. 

A further accessory to the stand, not shown in the illustration, 
is a small pocket compass set in the base to serve as a galva- 
nometer, to show whether or not the wires from the battery are at- 
tached to the stand in the right order. The compass is sur- 
rounded by at least two turns of wire connected with the main 
binding posts and controlled by a suitable switch to prevent a 
short circuit. It is only useful when the battery is at a distance 
or in another portion of the building, and the battery wires do 
not happen to be marked. Of course, it must be determined by 
experiment, in which direction the needle swings when the cur- 
rent is traversing the stand in the proper direction, and a little 
mark put on the glass of the compass toshow this. I have con- 
structed one stand with such a galvanometer. It is also well to 
mark the positive binding post on the base, and the set of bind- 
ing posts for the anodes. This can be neatly done with a small 
piece of paper gummed to the board. 

A stand of the size here illustrated, should not cost over five 
dollars, including the labor; it should be made of hard wood, 


and the binding posts should be ‘‘ sounder posts.’’ 


A MODIFIED AIR-BATH. 

By F. P. VENABLE. 

Received January 10, 1898. 
HIS air-bath is a modification of the one devised by Haber- 
mann.' The modifications serve to give a wider applica- 
tion to his bath and a publication is made of them to draw the 
attention of American chemists to the advantages of Haber- 
mann’s idea rather than to make any claim for special origi- 

nality in them. 

The cut will make the construction and the use of the bath 
clear. A glass bell jar is provided with a knob for handling and 
three tubulures. One of these is for the introduction of a ther- 
mometer. The remaining tubulure on the top serves as a vent 
for gases and the one in the side provides for an air-current. 
Either or both of them may be closed with stoppers if it is so ‘ 
desired. 





1 Zischr.angew. Chem., 1897, 202. 
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This bell jar may by placed on the sand of a bath or better 
upon a ring of ashestos board on a sheet-iron pan or upon an iron 
plate. The object to be heated may be placed upon a tripod— 
a triangle or such a porcelain support, with perforations for 
crucibles, etc., as is frequently used in desiccators. 

The advantages over the ordinary copper air-bath are : 

1. Cheapness. A belljarof ten inchesdiameter costs less than 
a third as much as the copper bath of the same dimensions. 

2. Cleanliness. There is no corrosion from acid fumes. 
Incrustations upon the sides and roof of the jar are easily seen 
aud removed so that there is no risk of their falling back into the 








dishes or casseroles. It will then be especially useful for the 
drying down of acid solutions in the separation of silica. 

3. The operation of drying can be watched. 

4. The only part requiring renewal is the iron pan or plate 
and either one of these is very cheap. The burning out of the 
copper bottom of the ordinary air-bath is of distressingly fre- 
quent occurrence. 

5. Any warm plate may, by this bell jar, be turned into 
a drying-bath in which the temperature can be watched and 
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regulated by increasing the thickness of the asbestos board or 
by other means. 

Iam strongly convinced of the wide application and general 
usefulness of this modified drying apparatus. 


UNIVERSITY OF NORTH CAROLINA. 





CONTRIBUTIONS TO THE CHEMISTRY OF ZIRCONIUM, NO. 8. 
SOME PROPERTIES OF ZIRCONIU!1 DIOXIDE. 


By F. P. VENABLE AND A. W. BELDEN, 


Received February 14, 1898. 
HERE are so many misstatements as to the properties of 
zirconia in the literature of chemistry that we think it well 
to publish the results of our study of this body. 

1. Specific Gravity.—The following values have been given: 
4.30 (Berzelius), 4.90 (Berlin), 5.50 (Sjogren), and 5.45 (Her- 
mann). Our determinations were made with quite pure material 
and yielded as a mean 5.489. 

2. Solubility.—The strongly ignited zirconia is practically 
insoluble in all acids except hydrofluoric. In this it is readily 
soluble on heating. If soda is present along with the zirconia, 
as sodium zirconate, the mass is not dissolved, probably owing to 
the formation of sodium zirconium fluoride. The statement is 
frequently met with that zirconia is soluble in sulphuric acid. 
This is based upon observations of Berzelius and his directions 
are that the zirconia must be finely powdered and heated with a 
mixture of two parts sulphuric acid and one part water until the 
sulphuric acid volatilizes. Our experiments would show that it 
is quite insoluble in concentrated sulphuric acid and when the 
directions of Berzelius are followed out this dilute acid dissolves 
only 6.72 parts to the 1,000 parts of acid. Neither concen- 
trated nor dilute hydrochloric acid nor nitric acid seem to have 
much action upon it. 

Prolonged heating with sodium carbonate effects very little 
change in zirconia. Itis only sparingly dissolved. Berzelius 
must have made use of a carbonate carrying some hydroxide 
in the experiments in which he speaks of dissolving the zirconia 
by means of sodium carbonate. 

Again, half a gram of zirconia (finely powdered) was 
fused for nine hours with twenty grams of microcosmic salt. 
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The zirconia did not apparently enter into the fusion nor could 
the formation of crystals be observed as has been maintained. 
The same results were observed in a similar experiment with 
borax. 

3. Zirconium Hydroxide.—The statement is made in Dammer’s 
Handbook (1, 619) that of the two possible hydroxides only 
ZrO(OH), is known, and that, further, numerous pyrohydrates are 
known whose contents of water lie between thisand the anhydride. 
This is based upon the work of G. J. Bruch,’ who described a 
meta-zirconic acid, ZrO(OH),, prepared asa white, voluminous, 
almost gelatinous precipitate, by precipitating a solution of a 
salt of zirconium with ammonia. 

In the following experiments this precipitate, gotten with 
ammonium hydroxide, was washed free of ammonia, then placed 
in a Gooch crucible and washed about twelve times with alcohol 
(ninety-five per cent). It was then washed with ether. After 
weighing the crucible it was heated strongly and the loss of 
water was 26.50 percent. In asecond experiment the zirconium 
hydroxide precipitate was pressed between filter-paper, placed 
in a Gooch crucible, and washed with petroleum ether until 
there was no further loss of weight. This washing was done in 
an atmosphere free from carbon dioxide. Afterwards the 
crucible was strongly heated. The loss of water was 26.19 per 
cent. A third experiment carried out in a similar manner 
yielded also 26.30 per cent. Other experiments gave losses of 
25.97 per cent. and 27.21 percent. The percentage of water in 
Zr(OH), is 22.69. It would therefore seem that treatment with 
petroleum ether brought the precipitate very nearly down to the 
composition Zr(OH),. In using alcohol and ether there seemed 
to be no definite limit to the removal of water and hence in 
several experiments final constant weights were not obtained. 
Two experiments gave respectively 11.11 and 9.45 per cent. of 
water. The percentage in ZrO(OH), is 12.80. 

A specific gravity determination of the hydroxide containing 
25.97 percent. of water gave 3.25. 

4. Solubility of the Hydroxide.—The statement of Bruch, that 
this substance is soluble in 5,000 parts of water and turns litmus 


1 Jahresber, 1854, 729. 
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paper blue and turmeric paper orange-yellow is cited by several 
authors. ‘This is manifestly an error. The alkaline reaction 
observed was doubtless due to the ammonia which it so persist- 
ently retains when ammonium hydroxide is used in the precipita- 
tion. Bailey andothers have noted how prolonged the washings 
must be to free the hydroxide from ammonia. Experiments were 
carefully carried out to test this point but we failed to detect in 
the pure, hydroxide any alkaline reaction or any appreciable 
solubility in pure water. Certainly it is less than the figure 
given by Bruch. 

The solubility of the cold precipitated hydroxide in acids is as 
follows: It is very readily soluble in concentrated and dilute 
hydrochloric acid (which is the best solvent for it), in hydro- 
fluoric acid, and in hydrobromic acid. It is very sparingly dis- 
solved by hydriodic acid. Concentrated and dilute nitric acid 
dissolve it easily. 

Among the organic acids it was found that oxalic acid was 
the best solvent, dissolving it nearly as well as the mineral acids. 
Saturated solutions of tartaric and citric acids dissolved less 
than 1: 1,000 and glacial acetic acid also dissolved very little. 

If the zirconium hydroxide is precipitated from a hot solution 
it is much less soluble in the dilute acids. Thus dilute hydro- 
chloric or dilute nitric acid will dissolve only about 1 : 100 
and dilute oxalic acid dissolves only about half as much. 
If the precipitate, however, stands for some days in contact with 
the acid it is dissolved to about the same extent as when pre- 
cipitated cold. 

As to the solubility in basic substances, ammonia (sp. gr. 
0.90) does not seem to appreciably dissolve it, but when diluted 
(sp. gr. 0.96) there is dissolved about 1 : 10,000 parts of ammonia. 
Clarke’ has shown the solubility in potassium hydroxide, and in 
sodium hydroxide to be as follows : 


Gram. 
50 per cent. KOH solution dissolved per cc. ------ 0.00233 
33 “ “ “ ‘e se ot. ewes 0.00097 
25 “s ““ “c “c “ 6. weeded 0.00075 
12 ‘ ‘“ ‘ «s % RO.” \emavarn 0.00009 
33. * ‘“ NaOH “e $6 . . eeeeen 0.00245 
25 ‘ ‘6 ‘6 ‘6 66 we  ovades 0.0012 
12 * “6 ‘6 ‘6 “ perees 0.0005 


1 This Journal, 18, 434. 
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Certain salts of ammonia exert quite a solvent action. Thus 
a saturated ammonium carbonate solution will dissolve about 
I : 100, and a solution of ammonium tartrate rendered strongly 
ammoniacal has a somewhat smaller solvent action. 

5. Absorption of Carbon Dioxide.—Zirconium hydroxide shows 
a decided tendency to absorb carbon dioxide. This may be 
observed on exposing the moist precipitate to the air or on pro- 
longed heating at a low temperature (100°-150°) over an 
ordinary burner. Such a mass will gain very noticeably 
in weight. The extent of this absorption of carbon dioxide 
was tested as follows: About two grams of the moist hydroxide 
were placed in a porcelain boat in atube and pure carbon 
dioxide passed over it for some twenty-five or thirty hours. At 
the end of this time the hydroxide had contracted into small, 
hard, horn-like particles and no further change was observable. 
Purified air was next passed over these particles for eighteen or 
twenty hours and the carbon dioxide coming off was caught in 
a barium hydroxide solution and determined. Then the 
particles were heated and the carbon dioxide was caught by a 
fresh solution of barium hydroxide. It was found that about 
one-third of the carbon dioxide which had been absorbed came 
off without heating. As no distinct point could be observed at 
which this carbon dioxide ceased coming off (no clear line of 
demarcation between that lost at ordinary temperatures and that 
loston heating), no inferences were drawn and the carbon dioxide 
was all reported together. The percentages of carbon dioxide 
absorbed were 16.42, 5.72, and 7.05. These show a wide varia- 
tion and can scarcely be taken as showing more than the fact 
that considerable amounts of the gas are absorbed with the for- 
mation of basic carbonates. The basic carbonate, Zr(CO,),. 
2Zr(OH),, contains 16.68 per cent. of carbon dioxide, and 
Zr(CO,),.6Zr(OH), contains 7.55 per cent., and Zr(COQ,),. 
8Zr(OH), contains 5.96 per cent. 

This experiment was varied somewhat by suspending the 
zirconium hydroxide in water and passing carbon dioxide 
through thewater. This gave 6.73 and6.o0as the percentages of 
carbon dioxide absorbed in two separate trials. 


UNIVERSITY OF NORTH CAROLINA. 




















[CONTRIBUTION FROM THE JOHN HARRISON LABORATORY OF CHEMISTRY, 
No. 27.] 
AMMONIUM SELENIDE. 


By VicTOR LENHER AND EDGAR F. SMITH. 
Received February 26, 1898. 


Y bringing ammonia and hydrogen selenide together Bineau' 
B claims to have prepared ammonium selenide. His prod- 
uct was a white, crystalline solid, which was readily decom- 
posed by water in the presence of air. No mention occurs any- 
where that this compound was ever obtained by crystallization 
from solution, hence it may be of interest to note that when pre- 
pared by the latter method it crystallizes in black, anhydrous, 
orthorhombic prisms. Peculiar conditions, however, seem 
necessary for its formation. Thus, in attempting to make 
ammonium selenomolybdate it was observed that when an 
ammoniacal solution of ammonium molybdate was saturated 
with hydrogen selenide gas a dark-red colored solution resulted, 
which yielded the black crystals of ammonium selenide upon 
careful evaporation. The solution contained five grams of 
ammonium molybdate in fifty cc. of water, to which twenty cc. 
of the strongest ammonia water had been added. The solution 
was saturated with hydrogen selenide gas. The resulting 
liquid, deep red in color, was concentrated in a vacuum over sul- 
phuric acid. The final residue consisted of ammonium molyb- 
date, metallic selenium, and well-defined, black, orthorhombic 
crystals. The latter were separated as completely as possible 
from the selenium, and extracted for several days with pure 
carbon disulphide. The crystalline mass, purified as far as pos- 
sible in this manner, proved to be stable in the air, and dissolved 
readily in water to a dark-red colored solution. The latter, 
when freshly made, precipitated selenides from neutral or alka- 
line solutions of metallic salts. On exposure to the air, how- 
ever, the solution of the salt suffered decomposition with the 
separation of black selenium. Anexcess of ammonia seems not 
to prevent the change. 

The analysis gave as follows : 

1 Ann. chim, phys., |2|, 67, 227. 
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I. 0.3051 gram of substance gave 0.2137 gram selenium = 
70.04 per cent. selenium. 

II. 0.2031 gram of substance gave 0.1418 gram of selenium = 
69.81 per cent. selenium. 


Ammonium, 


III. 0.2012 gram of substance gave 0.0603 gram of ammonium 
= 29.97 per cent. ammonium. 

IV. 0.3036 gram of substance gave 0.0918 gram of ammonium 
= 30.24 per cent. ammonium. 

The discrepancy between the found and calculated percent- 
ages is due to metallic selenium, which adhered to the 
ammonium selenide crystals. The salt was distilled with 
sodium hydroxide in determining the ammonium content. The 
liberated ammonia was absorbed by standard hydrochloric acid, 
the excess of the latter being titrated with standardized alkali. 

In estimating the selenium a weighed quantity of the salt was 
dissolved in water containing a little sodium hydroxide. An 
excess of hydroxylamine’ hydrochloride was added to this solu- 
tion, from which the selenium separated completely after boiling 
several minutes. It was then transferred to a weighed Gooch 
filter, washed with water and dried at 105° for one hour. 
This method is far superior to the usual course of precipitating 
selenium by means of sulphurous acid. 

The ammoniacal molybdate solution of the strength given in 
the preceding lines is the only solution from which the black 
crvstals were obtained. Under these conditions the salt was 
always found, but with molybdate solutions of greater dilution 
or with such as contained arsenic acid or tungstic acid, evapora- 
tion showed nothing but metallic selenium. 

UNIVERSITY OF PENNSYLVANIA. 


1 Privately communicated by Dr. H. F. Keller. 














[CONTRIBUTION FROM THE JOHN HARRISON LABORATORY OF CHEMISTRY, 
No. 28.] 
ELECTROLYTIC DETERMINATIONS. 
By EDGAR F. SMITH AND DANIEL L. WALLACE. 
Received February 26, 1898. 
I. URANIUM. 

OME years ago one of us found that it was possible to com- 
S pletely precipitate uranium' from an acetate solution by 
means of the electric current. The deposit consisted of the 
hydrated protosesquioxide of uranium, which was ignited and 
weighed as U,O,. Indeed, the procedure was adopted in the 
separation of uranium from the alkali metals when they were 
associated in certain rare minerals. It has frequently been used 
since that time by the author and its reliability has been fully 
confirmed. However, Heidenreich’ evidently experienced some 
difficulty in obtaining satisfactory results, for he remarks: 
‘* Versuche, Uran aus seiner Acetatlosung quantitativ abzu- 
scheiden fiihrten zu keinem Ergebniss, selbst bei 50-sttindiger 
Einwirkung des elektrischen Stromes.’’ A method, requiring 
fifty hours, would scarcely be regarded as having value even if 
the final results were really good. The following experiments, 
however, show that not only can satisfactory results be obtained, 
but they furthermore leave little doubt as to the time-factor, 
which is of prime importance in all determinations. 

A solution of uranium acetate was prepared, which contained 
0.1135 gram of urano-uranic oxide (U,O,) in tencc. ofthe liquid 
To the latter volume were added five-tenths cc. of concentrated 
acetic acid and the whole was then diluted to forty cc. with water, 
when it was electrolyzed with a current N. D,, = 0.18 A. 
V=3. The temperature of the liquid during the decom- 
position was 70°C. The uranium was completely precipitated 
in six hours. The filtrate or solution poured from the deposit 
showed no traces of uranium, when it was evaporated and the 
residue tested for that metal. 


1 Am, Chem. /,, 1, 329; Smith’s Electrochemical Analysis, p. 94. 
2 Ber. d. chem. Ges., 29, 1587. 
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RESULTS. 

U0, present U,0, found 
in grams. in grams. 
0.1185 0.1187 
0.1185 0.1184 
0.1185 0.1182 


2. CADMIUM. 


Those interested in electrolysis will probably remember that 
the writers have at various times proposed methods and condi- 
tions not only for the electrolytic determination, of this metal, 
but also for its separation from the more frequent associates. So 
often have we ourselves carried out these separations that we 
were inclined to believe other chemists would meet with like 
success. Such, however, seems not to have been the case, for 
in a very recent issue of this Journal’ we felt called upon to pub- 
lish very carefully outlined conditions for the complete deposi- 
tion of cadmium from acetic and nitric acid solutions in order to 
again confirm our early statements. Heidenreich’ mentions 
that the separation of cadmium from solutions containing sodium 
phosphate and free phosphoric acid gave results which were 
‘‘ ebenfalls nicht quantitativ; die letzten Reste von Kadmium 
sind nicht zu entfernen, selbst wenn der Strom bis 1-Ampére 
verstarkt wird.’’ -We regret exceedingly that this chemist has 
met with so little success in his efforts to repeat our work, but as 
in former instances of disagreement we again present new 
experimental evidence showing that our original suggestions 
were undoubtedly correct. 

To ten cc. of a cadmium sulphate solution, containing 0.1656 
gram of metallic cadmium, were added an excess of disodium 
hydrogen phosphate (1.0358 sp. gr.) and one and one-half cc. 
of phosphoric acid (1.347 sp. gr.). Theliquid was then diluted 
to 100 cc., heated to 50° C., and electrolyzed with a current 
N. D,,, =0.06 A. Volt=3. The precipitation was finished 
in seven hours. The metal deposits were bright and adherent. 
They did not show the slightest trace of sponginess. At the 
expiration of four hours the current was increased to N. D,,, = 
0.35 A. Volt=7. The acidliquid was siphoned out without the 
interruption of the current. The pole separation, during the 


1 This Journal, 19, 870. 
2 Ber. d. chem. Ges., 29, 1587. 
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entire precipitation, equaled one and one-fourth inches. The 
cadmium was washed with hot water and then carefully dried. 
The filtrates were examined but did not reveal a trace of unpre- 
cipitated metal. This is a direct contradictionof Heidenreich’s 
statement that ‘‘ die letzten Reste von Kadmium sind nicht zu 
entfernen.’’ 


RESULTS. 
Cadmium present Cadmium found 
in grams. in grams. 
E vcégse reswcouvonwelvetccses 0.1656 0.1654 
0.1656 0.1658 
0.1656 0.1657 


UNIVERSITY OF .PENNSYLVANIA. 





PRELIMINARY REPORT OF THE COMMITTEE ON 
COAL ANALYSIS. 


To the President and Members of the American Chemical Society : 

At the Cleveland meeting of the American Chemical Society 
a Committee, consisting of W. F. Hillebrand, C. B. Dudley and 
W. A. Noyes, was appointed to consider the methods of proxi- 
mate analysis of coal with a view to the adoption, if possible, of 
uniform methods for this country. After discussion among 
themselves, the committee have formulated the following outline 
of methods for analysis which they herewith submit, rather as a 
means of securing further information than as a final report. 
The committee very earnestly request all chemists interested in the 
matter, who may see this report, to send to the chairman of the 
committee a criticism of the methods proposed and a statement 
of any objections they see, and of any modifications which they 
think desirable. 

Since the literature of the subject is widely scattered and much 
of it is not easily accessible, the committee request that all who 
have published papers bearing on the subject will, if possible, 
send to the committee reprints of such papers, or, if that cannot 
be done, a statement of where such papers can be found and the 
points covered. 

Without the full and hearty cooperation of others the labors of 
the committee will be greatly increased and the conclusions 
finally arrived at will be less representative of general experience 
than it is desired they should be. 
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METHODS OF ANALYSIS. 

1. Sampling: At least five pounds of coal should be taken 
for the original sample, with care to secure pieces that represent 
the average. These’ should be broken up and quartered down 
to obtain the smaller sample which is to be reduced to a fine 
powder for analysis. The quartering and grinding should be 
carried out as rapidly as possible, and immediately after the 
original sample is taken, to prevent gain or loss of moisture. 
The powdered coal should be kept in a tightly stoppered tube 
or bottle till analyzed. 

2. Moisture: Dry one gram of the coal in an open porcelain 
or platinum crucible at 104°-107° for one hour, best in a double- 
walled bath containing pure toluene. Cool in a desiccator and 
weigh covered. 

Question : Has any one experience with other methods of dry- 
ing ? over sulphuric acid, 7” vacuo, in a current of air, in watch- 
glasses, or otherwise? Especially in this and other cases, the 
committee desire any comparative results which can be furnished. 

The following comparison of the effect of drying one hour in 

.a toluene bath, twenty hours zz vacuo over sulphuric acid, and 
in air over sulphuric acid was made by Dr. Hillebrand. 


One hour 20 hours 


° intoluene im vacuo In air over H,SO,. 
bath. over H,SO,. 2hrs. 48hrs. 120hrs. 
Coal No, I.+-++ sence 2.85 3-60 2.87 315 3-39 
ie ei 3.10 3.59 eeee eoee eee 
A bed ees'e awn 3.23 3.57 
66 pe eee cccece 3.25 3-49 
Sade eesinmenes 3.24 cove 
SS 68s Hebe hes 3.22 
aT eC 3.27 coer eee eoee 
Coal No. 2.-..-eeeeee- 1.84 2.08 1.97 see 2.00 
Be | efajetiaie0, 98 8:0 1.83 2.07 even cece esee 
Coal No. 3-+-++++++0+- 1.52 1.75 1.42 tees 1.70 
tS. ISESNeeewecs I.51 1.73 eee sees eee 
Coal No. qeeeeeeeeeee 1.01 1.04 1.05 eee 1.18 
' * \aepederswes 1.08 1.03 eeae vem one 
Coal No. 5--+++eeeeee 1.40 1.69 1.45 sees 1.66 
66 be ceee tees 1.41 1.67 sees os 6 
$6 we ccccccce eee 1.67 
Coal No. 6.-+++eeeees 0.30 0.21 0.23 sees 0.25 


8 sapinweaeen'e 0.34 0.28 
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These results seem to indicate that drying z” vacuo gives 
higher and, probably, more correct results than drying at 105° 
for one hour. 

The following experiments were carried out by Mr. W. E. 
Burk at the Rose Polytechnic Institute’ for the purpose of deter- 
mining whether volatile matter other than water islost in drying 
bituminous coals. A hard glass tube was partly filled with 
copper oxide, partly jacketed with a glass sleeve so that a por- 
tion could be heated to 100° by a current of steam. The coal 
was weighed in an aluminum boat enclosed in a weighing tube, 
and was then heated to 100° for an hour in a current of dry air. 
The moisture and any volatile matters which were expelled were 
passed over the heated copper oxide and the water and carbon 
dioxide were absorbed as usual in calcium chloride and in 
potash bulbs. The results were as follows : 


Per cent.of Percent. of 


Lossin Water found Per cent. of carbon found excess of hy- 

Weight of weightof incalcium water in in potash drogen 
coaltaken. coalat1oo°. chloride tube. coal. bulbs. found. 
1.4217 0.1994 0.2014 14.00 0.048 0.016 
1.1195 0.1596 0.1625 14.25 0.058 0.029 
3.1079 0.2111 0.2113 6.78 0.022 0.001 
3.2356 0.2152 0.2142 6.65 0.025 =v wees 
2.9408 0.1967 0.1967 6.65 0.037 —s eeeee 


The amount of moisture found was slightly higher than was 
found in the same coal by the usual method, perhaps because of 
the current of dry air over the coal. Since the loss of volatile 
matter other than water was always less then one-tenth per cent., 
it can safely be disregarded for most practical purposes, with 
coals of this class. 

3. Volatile Combustible Matter.—Place one gram of fresh 
undried coal ina platinum crucible, weighing twenty to thirty 
grams and having a tightly fitting cover. Heat over the full 
flame of a Bunsen burner for seven minutes. The crucible 
should be supported on a platinum triangle with the bottom six 
to eight cm. above the top of the burner. The flame used should 
be twenty to twenty-five cm. high when burning free, and the 
determination made in a place free from draughts. The upper 
surface of the cover should burn clear, but the under surface 
should remain covered with carbon. To find ‘‘ Volatile Com- 


1 See Proceedings of the Indiana Academy of Sciences for 1896, p. 113. 
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bustible Matter,’’ subtract the per cent. of moisture from the loss 
found here. 

Questions: Should a larger portion be taken? Should the 
coal be heated more gradually at first ? Should a blast be used ? 
Can results be obtained by heating in a muffle, or in any other 
manner, which will agree with those obtained by this method ? 

The committee consider the determination as largely arbitrary, 
in any case, and believe that uniform results in the hands of 
different chemists will be best secured by making the conditions 
as simple as possible. The most serious objection to the method 
proposed appears to be the danger of mechanical loss at the com- 
mencement of the heating. It is believed, however, that the 
error from this source is less than would arise from any method 
which leaves the application of the heat to the judgment of the 
operator. 

The committee especially desire to secure any analytical data 
which may be available to show the degree of concordance of 
results obtained by the same or different chemists. Also any 
comparison of analytical results with results of commercial 
coking. 

4. Ash.—Burn the portion of coal used for the determination 
of moisture, at first over a very low flame, with the crucible 
open and inclined, till free from carbon. If properly treated, 
this sample can be burned much more quickly than the dense 
carbon left from the determination of volatile matter. 

Question ; Are carbonates likely to be present in the ash in 
such amount that heating over a blast would lessen the weight 
appreciably ? 

When the sulphur in the coal is in the form of pyrites, that 
compound is converted almost entirely into ferric oxide in the 
determination of the ash and, since three atoms of oxygen 
replace four atoms of sulphur the weight of the ash is less than 
the weight of the mineral matter in the coal by five-eighths of the 
weight ofthe sulphur. While the error from this source is some- 
times considerable, the committee is not now prepared to 
recommend such a correction. 

5. Fixed Carbon.—This is found by subtracting the per cent. of 
ash from the per cent. of coke as found in paragraph 3. 
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6. Sulphur.—What methods are used ? Eschka’s, with sodium 
or potassium carbonate, fusion with sodium carbonate and po- 
tassium nitrate, Carius’ or others? Any comparative results are 
especially desired. 

7. The committee would recommend that the heating effect be 
calculated on the basis of the coal burned to carbon dioxide and 
vapor of water at 100° C., and be stated either in calories per 
kilogram or English heat units per pound. The theoretical 
evaporative effect is to be calculated by dividing the number of 
calories per kilogram by 536 or the number of English heat units 
per pound by 965. In either case it expresses the theoretical 
number of kilograms or pounds of water converted into steam 
from and at 100° C. by one kilogram or pound of the coal. 

A calculation of the results of twenty-one analyses, and deter- 
minations of heating effect with the bomb calorimeter, made 
with Indiana and Pittsburg bituminous coals, shows that the 
heating effect may be found in all cases examined, with a 
maximum error of two per cent., by the following rule: 

Subtract from 100 the per cents. of moisture and ash and one- 
half the per cent. of sulphur, and multiply the remainder by 
80.7. The product will be the heating effect of the coal burned 
to vapor of water, expressed in calories. 

The committee will be glad of any data which will enable 
them to further test this factor and also of any data with regard 
to other methods of determining heating effect. 

Persons interested in the subject of coal analysis are requested 
to send any communications which they may wish to make, 
to Prof. W. A. Noyes, Rose Polytechnic Institute, Terre 
Haute, Ind. 

W. A. Noyes, 
C. B. DuDLEY, 
W. F. HILLEBRAND, 


Committee. 
February 22, 1898. 








A COLLECTOR FOR DISTILLATION OF AMMONIA FROM 
WATER. 


By F. P. DUNNINGTON. 


Received February 4, 1898. 
N the familiar process of making a determination of free and 
albuminoid ammonia in water, the close attention which is 
demanded to change the receptacleas each of the several portions 
of fifty cc. is collected, is somewhat engrossing to anyone when 
conducting other analytical work. ‘To avoid this embarassment 
I have devised the following simple apparatus, which, for lack 
of a better name, is called a collector. 


sce E5) ° fon 























t | 





The figure presents a section of one-fourth size. From this 
the arrangement and working of the apparatus may be under- 
stood. It is made as follows: 

In a block of dry poplar or other light wood, A, 43 X 53 X 150 
mm., a hole of three mm. diameter is made at B for the pivot, 
and the large holes, CC, for Nessler tubes, are placed at the 
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same distance from the center of the block and equally inclined, 
as indicated. When the Nessler tubes are. twenty-nine mm. in 
diameter, these holes should be about thirty-one mm. ard be 
lined with a strip of woolen cloth to afford a snug fit for the 
tubes. The pivot B is a knife edge, made by grinding at its 
ends, a piece of a double three-inch saw file about fifty-five mm. 
long, and is merely hammered into the small hole cut for it. The 
knife edge is supported by a pair of plain two-inch angle irons 
(such as are kept in stock at a hardware store); in each of these, 
the hole in the upright limb is bored out and filed to the shape 
shown in the figure. These irons, D, arescrewed to the wooden 
base, E, 170X170X 20 mm. 

The motion of the block, A, is checked by two round-head 
screws fastened into the under side of A, and by two flat-head 
wood screws partly screwed into the block E. By screwing the 
latter up or down you may adjust the apparatus so that when 
one tube is empty and the other is being filled, as soon as the 
latter collects fifty cc. of water, it topples over and immediately 
brings the other tube under the point P, to collect the distillate. 
While the second tube is being filled, you may hold the block 
A, remove the first tube and empty or replace it by another tube 
of same size and weight; when the second tube has collected 
fifty cc. it will topple over and again bring the mouth of the 
empty tube under P. The screw which serves to fasten each 
angle iron in place also passes through one end of a slip of thin 
sheet brass 15 X30 mm., the other end of which is bent up at 
right angles, so serving to keep the pivot from shifting to one 
side, but not binding upon it. This piece of brass is not shown 
in the figure, since it would cover the pivot end. 

The Nessler tubes used are 29 mm. in diameter and 195 mm. 
long, and weigh 49 grams; should the tubes be heavier, it 
would be necessary to bore the hole for the pivot at a point a 
little higher up on the center line of the block A. It is easy to 
adjust this apparatus so that the amount required to topple the 
tubes will not vary as much as one-half cc. from the fifty cc. 


UNIVERSITY OF VIRGINIA, February 2, 1898. 








BORIC ACID DETERMINATION.’ 


By THOMAS S. GLADDING. 
Received February 7, 1898. 


OR the determination of boric acid I find the following 
method gives satisfactory results : 





One gram of the substance in which the boric acid is to be de- 
termined is washed into flask B (150 cc. capacity), with a little 
ninety-five per cent. methyl alcohol. Five cc. of sirupy eighty- 
five per cent. phosphoric acid are added. Flask A is filled two- 
thirds full of ninety-five per cent. methyl alcohol and placed in 
the water-bath E. Flask B is now connected with the con- 
denser D, and flask C placed in position to receive the distillate. 
Heat is now applied to the water-bath E and, when the methyl 
alcohol is boiling, flask A is connected to the tube which passes 
to the bottom of flask B. A current of methyl alcohol vapor is 
thus continually passing through the liquid in flask B, and car- 
ries over the boric acid. Heat is applied under flask B and so 
regulated that the liquid remains between fifteen and twenty-five 
ce. 

The distillation is carried on in this way for about one-half 
hour, the distillate finally amounting to about 1roocc. A mix- 
ture of 40 cc. glycerine and 100 cc. water is now carefully neu- 
tralized, using phenolphthalein as an indicator, and then 
added to the distillate, which is then titrated with standard soda. 
The distillation must be continued until no more acid is ob- 
tained. Usually, it is complete in thirty minutes. 

1 Read before the New York Section, February 4, 1898. 
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A blank should be run using all the reagents, and any acidity 
found must be deducted from the final results. 

The following results were obtained with borax and ‘boric 
acid: One gram borax gave 36.57 per cent. boric acid, the theo- 
retical per cent. being 36.65 per cent. ; one gram boric acid gave 
99.9 per cent. boric acid. 

A distillation of crystallized boracic acid, without the addition 
of phosphoric or other acid, was found to yield all the boric acid 
present. A similar distillation of borax was found to yield 19.50 
per cent. boric acid out of a total of 36.65 per cent. present, or 
slightly more than fifty per cent. of the whole amount. This 
behavior may be useful in some analyses. 

A gentle suction, by means of aspiration bottle, upon flask C, 
is desirable to avoid loss by possible leakage. 





[CONTRIBUTION FROM THE JOHN HARRISON LABORATORY OF CHEMISTRY, 
No. 29.] 
ACTION OF SULPHUR MONOCHLORIDE UPON MINERALS, 


By EDGAR F. SMITH. 


Received March 7, 1898. 

ULPHUR monochloride has frequently been applied in 
S organic chemistry in the synthesis of various bodies, and 
the results obtained by the employment of this reagent have in- 
variably had great attraction and interest for the investigator. 
There are, however, other directions in which the same reagent 
may be followed with equal interest ; ¢. g., in the action upon 
the natural products furnished by the mineral world. To illus- 
trate, mention may be made of the behavior of such substances 
as arsenopyrite, chalcopyrite, pyrite, and marcasite with the 
reagent in question. Finely divided arsenopyrite and sulphur 
monochloride were brought together in a glass tube. After 
slight agitation, action set in, accompanied by the evolution of 
much heat, and the almost complete decomposition of the 
mineral, The tube was then freed from air by the introduction 
of carbon dioxide. It was sealed and heated to about the boil- 
ing-point of the sulphur monochloride (139°) for a period of nine 
hours. On cooling, beautiful olive-green colored plates or 
scales separated. After their removal fromthe tube and separa- 
tion from the adherent liquid they proved to be deliquescent and 
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readily soluble in water. Their aqueous solution tested with 
potassium ferrocyanide and silver nitrate showed the presence of 
iron in the ferric condition, and alsoof chlorine. In subsequent 
decompositions the crystals were filtered out, and washed with 
petroleum ether ; then they were dissolved in water and the iron 
content determined quantitatively by means of stannous chlo- 
ride. In this manner it was proved that 32.6 per cent. of iron 
was present in the ferric condition in arsenopyrite. This is cer- 
tainly a confirmation of the work previously carried out in this 
direction on arsenopyrite by Starke, Shock, and Smith.’ 

The petroleum ether solution from the ferric chloride crystals 
was distilled, the product diluted with water, and tested with 
hydrogen sulphide, when the arsenic was precipitated. Its 
quantity was not estimated. 

Chalcopyrite treated in a similar manner with sulphur mono- 
chloride, was completely decomposed, with the production of 
ferric and cupric chlorides. Marcasite and pyrite also gave 
beautiful crystallizations of iron chloride. The decompositions 
were in both instances complete and the total iron content deter- 
mined. On the addition of sulphur monochloride to marcasite 
and pyrite no action was observed in the cold. With chalcopy- 
rite and arsenopyrite the evolution of heat, as already mentioned, 
was very great, so that the vessel containing them could not be 
held inthe hand. This difference in behavior evidently indi- 
cates a marked difference in the union of the elements con- 
cerned. In pyrite and marcasite we deal with iron and sul- 
phur alone and with them there is an absence of marked reac- 
tivity, whereas in arsenopyrite and chalcopyrite we have substi- 
tution products in which there is perhaps a less intimate union 
of the sulphur than exists in the pyrite and marcasite. It may 
be observed here that Brown,’ while working with marcasite, 
found that it contained its total iron in the ferrous condition, 
but when this same mineral was dissolved in sulphur monochlo- 
ride it gave a mass of iron chloride crystals showing the pres- 
ence of about forty-one per cent. of ironin the ferric state. This 
would mean that this reagent undoubtedly acts as an oxidant; 
that its power is in a large measure due to its chlorine content, 


1 This Journal, 19g, 948. 
2 Proc, Am, Phil. Soc., 33, 1894. 
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‘ 


so that we may say of sulphur monochloride, it is ‘‘ chlorine in 
disguise.’’ This view of its action is corroborated by other de- 
compositions which will be presented later. The experiments 
upon which the preceding statements are based werecarried out 
by Mr. F. W. Moore. 

The mineral stibnite dissolved immediately and completely in 
stlphur monochloride with a violent ebullition and the genera- 
tion of much heat. When the solution cooled crystals separated. 
These were collected and heated with water, with the formation 
of antimony oxychloride. Much heat was also evolved when 
cinnabarite and sulphur monochloride were mixed. To effect 
complete decomposition the mixture was heated in a sealed 
tube. On cooling long needles were observed throughout the 
liquid. These proved to be mercuric chloride. Chalcocite was 
also completely decomposed, with the production of a crystalline 
powder, which on examination was found to be cupric chloride. 
This is additional evidence of the oxidizing character of the 
solvent employed, and explains the reason for the obtainment of 
so much ferric chloride when using marcasite, which contains its 
iron in the ferrous condition. Tetrahedrite, although of a com- 
plex nature, yields in the cold to the influence of the sulphur 
monochloride, and crystals of ferric chloride appeared in a very 
short time, although to effect the complete decomposition of the 
mineral it was necessary to heat it with the reagent to 140° C. 
Sphalerite was not attacked in the cold, and at 150° its decom- 
position was very slight, but at 250° C. complete solution 
occurred. On cooling, a mass of anhydrous zinc chloride sepa- 
rated. This was quickly collected and treated with water when 
it dissolved with a hissing noise. The zinc in solution equaled 
67.5 per cent. 

Galenite, furthermore, was not affected in the cold, but at 
250 C. was changed completely to lead chloride. Finely 
divided molybdenite was not attacked in the cold, nor was it en- 
tirely broken up after heating to 300°C. Many of these experi- 
ments show that, where the sulphur estimation of a sulphide is 
not desired, this method of decomposing such minerals may be of 
use in analysis. This is particularly true in the case of tetrahe- 
drite. Mr. C. S. Reeve was kind enough to conduct these 
experiments for me. 
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At my suggestion, Mr. E. W. Pierce brought pure, artificial 
arsenic trisulphide in contact with sulphur monochloride. A 
violent reaction set in, and much heat was liberated. On 
repeating the experiment at a temperature of o°, the reaction 
took place slowly with the gradual solution of the metallic sul- 
phideand the appearance of a slight residue of sulphur, which dis- 
appeared on the addition of more sulphur monochloride. Noth- 
ing separated when the liquid was further chilled. Arsenic sul- 
phide was precipitated from the diluted solution on the addition 
of hydrogen sulphide. The minerals linnzeite (Co,Ni),S,, mil- 
lerite (NiS), gersdorffite (NiAsS), and rammelsbergite (NiAs),, 
were also fully decomposed by the monochloride on heating the 
mixture in sealed tubes to 170° C. Metallic chlorides were 
formed in all instances and separated from the cold solutions. 
Cobaltite (CoAs), smaltite (Co(FeNi)As,), and ullmannite 
(NiSbS), in a finely divided condition, were dissolved by the 
sulphur monochloride when heated to 180° C. in a sealed tube. 
These observations were made by Mr. Jos. Cauffman, who also 
found that rutile in powdered torm was decomposed almost com- 
pletely by the same reagent, with the production of titanium 
tetrachloride. This behavior suggested heating the oxides of 
molybdenum, tungsten, tantalum, and columbium, as well as 
the minerals wolframite, scheelite, and columbite with the same 
reagent, when all were dissolved, and from the cold solutions 
beautiful crystalline bodies separated. Some of these have been 
analyzed, while others are yet under examination and will be 
discussed in a later communication. The indications are that 
the action of the sulphur monochloride in these substances is 
both oxidizing and substituting. Combinations of the metallic 
haloids with sulphur monochloride are not produced. In the 
case of the sulphides and sulpho salts which were investigated, 
quantitative determinations of the products were only made in a 
few instances, for there was no question as to the completeness 
of the decompositions, and the character of the resulting bodies. 
Upon considering the facts which are here presented, we recognize 
that with the sulphides of non-metals, for example stibnite, the 
action is violent, and the decomposition complete. This is also 
true of arsenopyrite where arsenic probably facilitates the trans- 
position, whereas with marcasite, pyrite, sphalerite, galenite, 
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etc., the reaction is more sluggish. From an examination of 
the excess of sulphur monochloride in these different experi- 
ments it would seem that the original sulphur of the mineral is 
merely dissolved out, for upon evaporation it separates in large 
quantities. 


UNIVERSITY OF PENNSYLVANIA. 





THE DETERMINATION OF SMALL QUANTITIES OF 
ALCOHOL. 


By FRANCIS G. BENEDICT AND R. S. NORRIS. 


Received March 12, 1898. 

HE methods for the determination of alcohol ordinarily in 
T use are for the most part physical. By means of the 
pycnometer, vaporimeter, and ebullioscope, we are able to deter- 
mine with reasonable accuracy the amount of alcohol present in 
alcoholic beverages and solutions, which seldom contain under 
one per cent. of ethyl alcohol. When, however, the exact 
estimation of smaller quantities is desired, these methods are 
unsatisfactory. 

The numerous chemical methods for the determination of alco- 
hol depend for the most part on the oxidizing action of potas- 
sium bichromate, chromic acid, or potassium permanganate. 
Only a small portion of the research on the oxidizing action of 
these compounds, has been done with reference to their oxida- 
tion of alcohol. This is partly explained by the previous 
existence of the physical methods of analysis above referred to 
and by the fact that while many organic compounds are com- 
pletely and readily oxidized to carbon dioxide and water, alco- 
hol is oxidized with great difficulty, the oxidation ceasing 
usually with the formation of acetic acid. The iodoform reac- 
tion and the blue coloration produced with a sulphuric acid solu- 
tion of molybdic acid, furnish tests of the greatest delicacy, and 
for the most part investigators have been satisfied with a quali- 
tative demonstration of the presence of alcohol when occurring 
in such small quantities as to preclude the use of the ordinary 
quantitative methods. 

Bodlander'’, pursuing an investigation similar to that for which 
the methods here reported were devised, 7. e., the estimation of 

1 Phiger’s Archiv, 32, 398. 
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the small quantities of alcohol eliminated in the urine and 
breath of man, used a standard solution of chromic acid in con- 
centrated sulphuric acid and estimated the alcohol by determin- 
ing the amount necessary to completely reduce a given volume 
of this solution. He states that the oxidation of alcohol is com- 
plete ; z. e., the products are carbon dioxide and water. Bour- 
cart', Heidenhain’, Freyer*, and Kuriloff‘ find on the other 
hand that the oxidation with chromic acid or potassium bichro- 
mate ceases with the formation of acetic acid. Rose’ used 
potassium permanganate as the oxidizing agent, and states that 
the alcohol was completely oxidized to carbon dioxide and water 
by decinormal potassium permanganate in a solution that con- 
tained forty per cent. of sulphuric acid. 

Bodlander’s method was tried and found not to give entirely 
satisfactory results owing to the formation and escape of alde- 
hyde, the amount formed varying with slight changes in the 
manipulation. On the addition of a dilute solution of alcohol to 
the concentrated sulphuric acid solution of chromic acid, the 
odor of aldehyde can be easily detected. Furthermore the end- 
point is rather difficult to determine. 

Potassium permanganate, in the presence of strong sulphuric 
acid, was tried as an oxidizing agent. It was necessary to heat 
the solution in order to complete the oxidation, and under these 
conditions the potassium permanganate is decomposed in the 
absence of reducing agents. It is believed however, where only 
approximate results are required, that the conditions can be 
determined under which the oxidation is complete, while the 
decomposition of the potassium permanganate, other than that 
produced by the alcohol, is very slight. The method used was 
to mix a definite volume of decinormal permanganate with forty 
per cent. of its volume of concentrated sulphuric acid, in a glass- 
stoppered flask. To this mixture the solution of alcohol was 
added from a burette, in small quantities at a time, and thor- 
oughly mixed with it by shaking. The excess of permanganate 
was then determined by titration against a standard solution of 


1 Chem. Centrbl., 1890, 1, 547. 

2 Ztschr. anal. Chem., 1893, 32, 360. 

8 Chem. Zitg., 19, 1184; Ztschr. anal. Chem., 1897, 36, 328. 
4 Ber. d. chem. Ges., 30, 741. 

5 Chem. Centrbl., 1888, 308. 
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ferrous ammonium sulphate. For certain purposes in the inves- 
tigation it was necessary to determine the alcohol vapor con- 
tained in a current of air, and since it was found that the per- 
manganate solution was reduced by simply passing the air of the 
room through it, this reagent could not be used. 

As we were not successful in securing the accuracy desired 
with any of the methods tried, it became necessary to devise one 
which would give fairly close results for solutions containing as 
low as 0.01 per cent. of ethyl alcohol. 

The method adopted depends on the oxidation of the alcohol 
by an excess of chromic acid in a concentrated sulphuric acid 
solution, and the determination of the excess of chromic acid by 
titration against ferrous ammonium sulphate solution, the end- 
point being established by a few drops of standard permanganate 
solution. The reagents required for the determination are : 

1. A solution of chromic acid in concentrated sulphuric acid. 

2. A solution of ferrous ammonium sulphate. 

3. An approximately decinormal solution of potassium per- 
manganate. 

4. Astandard solution of alcohol in concentrated sulphuric 
acid. ‘ 

5. Chemically pure, concentrated sulphuric acid. 

The chromic acid solution is made by dissolving 2.2064 grams 
of chemically pure potassium bichromate in just enough distilled 
water to effect complete solution, and then making up to 500 cc. 
with concentrated sulphuric acid, care being taken not to let 
the temperature rise to over 100°C. This corresponds to a solu- 
tion containing three grams of chromic anhydride in one liter. 
The reagent preserved in a glass-stoppered bottle is fairly stable. 

For the ferrous ammonium sulphate (Mohr’s salt) solution 
forty grams of the pure salt are dissolved in water and, after the 
addition of thirty cc. of concentrated sulphuric acid, the solu- 
tion made up toa liter. Made inthis way the solution is very 
stable, showing but slight changes on comparatively long 
standing. 

The potassium permanganate solution is made by dissolving 
three and three-tenths grams of the crystallized salt in a liter of 
water. 

The standard alcohol solution is practically a solution of ethyl 
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sulphuric acid in concentrated sulphuric acid. About two 
grams of five per cent. alcohol (see below) are weighed into a 
fifty cc. graduated flask and concentrated sulphuric acid added 
slowly, keeping the mixture cool to prevent any volatilization 
of alcohol by immersion in cold water. After five cc. of the acid 
have been added in this way the flask is filled to the fifty cc. 
mark and the solution mixed by pouring back and forth into a 
beaker. 

The alcohol used in preparing the standard was one of the 
better grades of commercial alcohol. Its strength was deter- 
mined with the admirable pycnometer described by Dr. Squibb.’ 
This pycnometer readily gives the specific gravity of alcohol to 
the fifth or sixth decimal place. Ostwald’s pycnometer,’ which 
has the advantage of being much cheaper, was also found to 
give quite satisfactory results. 

An accurate table for determining the per cent. of alcohol in 
solutions containing forty per cent. of absolute alcohol or over, 
from the specific gravity, is given by Dr. Squibb in his Ephem- 
eris.’ For solutions containing less than forty per cent. the 
table* used by the Association of Official Agricultural Chemists 
is to be recommended. 

A practical difficulty arises in weighing out small quantities of 
strong alcohol owing to its volatility. It istherefore recommended 
that an approximately five per cent. solution be first made, from 
which small quantities can be correctly weighed without material 
loss. For preparing this solution the following method was found to 
be the most satisfactory: A glass-stoppered Shuster dropping 
bottle such as is ordinarily used to contain indicators, was 
weighed when dry and clean. After adding about the required 
quantity of alcohol its weight was again taken. The alcohol 
was poured into a previously tared flask, the last traces being 
removed by careful washing with distilled water. The solution 
was then made up to the desired weight, and the per cent. of 
absolute alcohol in it calculated. ’ 

It is of the utmost importance that the concentrated sulphuric 


1 This Journal, 19, 3. 
2 Hand- und Hilfsbuch zur Ausfiihrung physiko-chemischer Messungen, W.Ostwald, 
p- I10. 
8 Ephemerts, 2, 541. 
4 Bulletin No. 46, Division of Chemistry, U. S. Department of Agriculture, p. 65. 
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acid used in these experiments be free from organic or other re- 
ducing matter. ‘ 

To find the value of each solution in terms of the other, the 
ferrous ammonium sulphate is first titrated against the potas- 
sium permanganate. A measured volume of the chromic acid 
solution, generally ten or twenty cc., is then poured into 100-200 
cc. of water, enough of the ferrous ammonium sulphate solution 
added to completely reduce it, and the excess of ferrous 
ammonium sulphate determined with the potassium perman- 
ganate. Twenty cc. of a chromic acid solution of the above 
strength oxidizes about seventeen cc. of the ferrous ammonium 
sulphate solution. Owing to the viscosity of the chromic acid 
solution it is necessary to adopt a definite method of delivery in 
order to obtain the same quantity each time. This result was 
secured by allowing the solution to run freely from an ordinary 
pipette made to deliver ten cc. Toward the end of the delivety 
the drops ceased quite suddenly to fall in quick succession and 
followed each other only at intervals of several seconds. The 
first ‘‘slow’’ drop wastaken and the pipette removed immediately. 
This method apparently gave equal volumes of liquid. 

The amount of chromic acid required to oxidize a given 
weight of alcohol, was determined by means of the standard solu- 
tion of alcohol in concentrated sulphuric acid. Ten cc. of 
chromic acid solution were drawn off into a small flask, and a 
measured amount (about three cc.) of the standard solution of 
alcohol added from a burette.' The mixture was heated with 
constant agitation over a free flame to 98° C.* (a thermometer 
being held in the solution) and kept at about this temperature 
for five minutes. Under these conditions no aldehyde was formed. 
After cooling the solution it was poured into 200 cc. of water, 
ferrous ammonium sulphate added from a burette until the red 
color of the chromic acid had entirely disappeared, and the 
excess of ferrous ammonium sulphate titrated back with the 
potassium permanganate. 


1 Considerable time is required for the sulphuric acid solution to run down the sides 
of the burette. The readings should not, therefore, be made until it is ascertained that 
the meniscus is stationary. 

2 According to Cross and Bevan, /. Chem. Soc., 53, 889, chromic acid in concentrated 
sulphuric acid solution gives off oxygen at 105°C. Numerous tests showed no decom- 
position of the chromic acid solution after five minutes’ heating at 98° C. 
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The standard solution of alcohol used contained 237.6 mgms. of 
alcohol in roo cc. In four titrations of this solution we obtained 


the following results: 
Ferrous ammonium 


Equivalent in sulphate solution 
ferrous ammonium equivalent to one cc. 
Alcohol solution. sulphate solution. of alcohol solution. 
cc. cc. cc. 

I. 4.00 9.70 2.43 
oe 4.95 12.00 2.42 
III. 2.95 7.20 2.44 
EN. 3.10 7.60 2.45 
AVETAZC soos cececcec cece ccce cece secs cesses cseens 2.43 


Since a cubic centimeter of the alcohol solution contained 
2.376 mgms. of alcohol, one cc. of the ferrous anmonium sulphate 
solution would be equivalent too0.978 mgms. of alcohol. This fac- 
tor was used in calculating the alcohol in the other solutions. 

In order to test the accuracy of the determination, solutions of 
different strengths were made by the method used in preparing 
the standard solution. 

The following results were obtained upon analysis : 


Weight of alcohol. Volume of Per cent. of alcohol. 
solution. 
Calculated. Found. Calculated. Found. 
Mgms. Mgms. ce. Per cent. Per cent. 
I. 38.18 38.18 100 0.038 0.038 
i. 30.63 30.05 50 0.071 0.070 
Por. 853.00 885.00 500 0.171 0.177 
EN. 7.24 7.12 100 0.00724 0.00712 
ie II.OI 11.23 50 0.02202 0.02246 


Anextremely dilute solution was made by diluting 12.34 mgms. 
of alcohol to 250 cc. The solution therefore contained 0.00494 
per cent. of alcohol. The result obtained by titration was 0.00508 
per cent., an error of about one ten-thousandth of one per cent. 
of alcohol. 

In order to compare the accuracy of the method with that of 
Squibb’s pycnometer for dilute solutions of alcohol, 31.44 grams 
of 90.61 per cent. alcohol was made up to 994.5 grams with 
water, giving a 2.865 per cent. solution. With Squibb’s pyc- 
nometer the result was 2.95 per cent. when calculated from a 
table in the Ephemeris' and 2.84 per cent. when calculated from 
a more recent table.” By titration with the chromic acid the 


1 Ephemerits, 2: 563. 
2 Bulletin No. 46, Division of Chemistry, U. S. Department of Agriculture, 65. 
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strength was determined to be two and eight-tenths per cent. 

As previously stated, one of the conditions to which the 
method must apply, was the determination of small quantities of 
alcohol in an air current. 

Concentrated sulphuric acid according to our experiments re- 
moves alcohol from an air current even more completely than it 
does water. ‘The apparatus with which this great affinity of sul- 
phuric acid for alcohol was determined, consisted of a system ar- 
ranged as follows: A current of air drawn by means of an ordi- 
nary Chapman filter-pump passed successively through a |J-tube 
filled with cotton, a gas-washing cylinder containing concentra- 
ted sulphuric acid, a |J-tube filled with soda-lime, a |J-tube con- 
taining a known amount of alcohol, a cylinder similar to the 
first containing concentrated sulphuric acid, a 12-inch piece of 
combustion tubing containing a layer of copper oxide kept at a 
red heat by a four-tube burner, and a [J-tube containing glass 
beads covered with about ten cc. of barium hydroxide solution, 
which in turn was connected by a rubber tube to the filter-pump. 
The tube with cotton was used to remove dust from the air. 
The sulphuric acid in the first cylinder removed the water, and 
the soda-lime the carbon dioxide. The air then passed over the 
alcohol and carried some of it into the sulphuric acid in the 
second cylinder. In case any of the alcohol was not absorbed 
by the sulphuric acid it would be burned by the hot copper oxide 
to form carbon dioxide, which would produce a precipitate in the 
barium hydroxide solution. Air was passed through the appa- 
ratus at the rate of 600 cc.' a minute. 

In an experiment in which about nine-tenths gram of nineteen 
per cent. alcohol evaporated in nine hours, no barium carbonate 
was formed. In two other experiments in which half that quan- 
tity of alcohol was used it was also completely absorbed by the 


1Thatitis possible to remove the alcohol quite completely from a current of air 
passing at a much more rapid rate than this, was subsequently demonstrated with a 
slightly modified apparatus. Owing to the fact that a rapid air current caused the com- 
bustion of the rubber stopper in the end of the short tube containing the copper oxide, 
by the hot air drawn against it, a tube thirty inches long was used and heated only at 
oneend. The barium hydroxide -tube in the apparatus above described, also was not 
very satisfactory for rapid currents of air, and was therefore replaced by a gas-wash- 
ing cylinder containing about twenty cc. of barium hydroxide solution. A current of air 
containing alcohol vapor drawn through this apparatus at the rate of 2100 cc. a minute: 
produced only a slight turbidity in the barium hydroxide solution in the course of fifteen 
minutes. When the cylinder containing sulphuric acid was removed from the system, 
however, a heavy precipitate was instantly formed. 
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sulphuric acid. Forty cc. of concentrated sulphuric acid were 
used in each case. 

Four solutions were prepared by this method and the alcohol 
determined by titration. The results obtained were as follows : 


Alcohol absorbed. Alcohol determined. 
Mgms. Mgms. 
a 96.77 95.05 
TI. 90.87 89.66 
TET. 41.62 41.50 
IV. 13.5 14.4 


Two experiments were made to determine how much alcohol 
a given volume of concentrated sulphuric acid can completely 
remove from a current of air. In the |J-tube immediately pre- 
ceding the acid ninety per cent. alcohol was placed and its evap- 
oration was facilitated by a loose roll of filter-paper in the limb 
of the tube next to the acid. Air was drawn through this ap- 
paratus for fifteen hours at the usual rate before a distinct ap- 
pearance of barium carbonate precipitate occurred. The coat- 
ing of the carbonate on the sides of the barium hydroxide tube 
was, at the end of this period, less in amount than that produced 
by the combustion of a milligram of alcohol. During the period 
approximately forty cc. of alcohol was evaporated. The sulphuric 
acid solution measured about ninety cc. and had a brownish- 
red color and a faint, pleasant, etherealodor. It was made up to 
100 cc. with concentrated sulphuric acid and five-tenthscc. meas- 
ured out and made up to fifty cc. with more acid. This solu- 
tion was titrated with the chromic acid solution and found to 
contain 3.43 mgms. of alcohol in each cubic centimeter. 
Accordingly the fifty cc. of concentrated sulphuric acid used in 
the first experiment had absorbed 34.3 grams of alcohol. 

In the second experiment only thirty cc. of sulphuric acid were 
used, and the alcohol was made to evaporate more rapidly. 
About twenty cc. of ninety per cent. alcohol were volatilized in 
eight hours. In the beginning of the experiment the rapid ab- 
sorption of the alcohol by the sulphuric acid caused an apprecia- 
ble rise in the temperature. The sulphuric acid solution was 
diluted as in the first experiment, and the alcohol determined to 
be 1.72 mgms. in each cubic centimeter. The thirty cc. of sul- 
phuric acid had therefore absorbed 17.2 grams of alcohol. 
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For the determinations of alcohol in dilute solutions we have 
found the following method the most satisfactory. Having pre- 
pared the standard solutions above described and determined the 
value of each in terms of the others, the strength of the unknown 
solution of alcohol is first determined roughly by means of an 
ordinary pycnometer. . 

If the solution contains more than one per cent. of alcohol. 
weigh out accurately such a quantity as will contain about one- 
tenth gram of absolute alcohol into a fifty cc. graduated flask 
and add ten cc. concentrated sulphuric acid carefully, the flask 
being immersed in cold water and continuously shaken to prevent 
a risein temperature. The solution is then made up to the fifty-cc. 
mark with concentrated sulphuric acid, thoroughly mixed, trans- 
ferred to a burette and about five cc. drawn off into a small flask. 
Twenty cc. of the chromic acid solution are then added, using 
the same precautions for the delivery of the solution as when it 
was standardized. The contents of the flask are heated to 98° C 
(a thermometer being immersed in the liquid) and kept at this 
temperature for five minutes. The solution is then cooled down 
to the room temperature, poured into 200 cc. of distilled water 
and ferrous ammonium sulphate added from a burette until the 
excess of chromic acid is completely reduced, as is indicated by 
the disappearance of the red color. The excess of ferrous ammo- 
nium sulphate isthen determined with the standard potassium per- 
manganate. It isbest toadd asingle drop of the potassium perman- 
ganate solution at first in order to be sure that there is an excess 
of ferrous ammonium sulphate present. The amount of alcohol 
per cubic centimeter is calculated thus: The amount of ferrous 
ammonium sulphate solution used (after making allowance for 
the permanganate required for the back titration) is subtracted 
from the number of cubic centimeters of ferrous ammonium sul- 
phate equivalent to the chromic acid solution used, and the 
result divided by the number of cubic centimeters of the alcohol 
solution taken. This gives the volume of ferrous ammonium 
sulphate solution in cubic centimeters equivalent in reducing 
power to one cc. of the solution of alcohol. Multiplying this by 
the factor previously determined, which expresses the number 
of milligrams of alcohol equivalent to one cc. of ferrous ammo- 
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nium sulphate, gives the weight of alcohol in one cc. of the sul- 
phuric acid solution. 

If the original solution contains one per cent. or less of alco- 
hol, draw 0.5 cc. into a 100-cc. flask and add about five cc. of 
concentrated sulphuric acid, keeping the liquid cool during the 
addition. Add ten cc. of the chromic acid solution and proceed 
as above. This determination will serve to indicate approxi- 
mately how much alcohol there is in the solution so that in sub- 
sequent titrations enough of it can be taken to reduce from sixty 
to eighty percent. of the chromic acid. The amount of sul- 
phuric acid added in each case should be equal to about twice 
the volume of the solution of alcohol used. 


WESLFYAN UNIVERSITY, 
MIDDLETOWN, CONN. 
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By GEORGE J. HOUGH. 


Received February 3, 1898. 

S the result of a number of experiments in quantitative 

A chemical analysis by electrolysis, I take pleasure in sta- 

ting that aluminum can be used as a substitute for platinum, as 
an electrode, though only to a limited extent. 

It can be used as the cathode with nitric acid solutions, and 
apparently is not affected by the electrolytic action. Theoretically, 
it should not be affected as a cathode during the electrolysis, 
any more than the metals are affected which are precipitated 
there. 

It is unserviceable, however, as an anode, as it is readily oxi- 
dized at that pole and dissolved in the acid solution. Neither 
can it be used in sulphate or chloride solutions, as the free acid 
readily attacks it; but if the sulphate or chloride solution be 
changed to the double oxalate of potassium or ammonium, as 
recommended by Classen, the aluminum cathode is not affected. 
This aluminum cathode can also be used with cyanide solutions, 
for although aluminum is readily attacked by hot solutions of 
potassium cyanide or oxalate, it apparently is not affected in the 
cold, even under electrolytic action. 

The idea of substituting aluminum for platinum as an elec- 
trode, was suggested to me by the fact that aluminum is not 
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affected by hot or cold nitric acid, and metals plated on it could 
be readily dissolved off without injuring the electrode ; but as the 
best aluminum on the market is not quite pufe, there is a possi- 
bility in time of a slight loss in weight. Even with this draw- 
back, however, aluminum cathodes will be serviceable for ordi- 
nary commercial analysis, especially copper analysis, in which I 
think they would find their greatest field of usefulness. 

It has been suggested to me that aluminum, heavily plated 
with platinum, might be made to serve as an anode ; but of this 
I am somewhat doubtful, as I have not yet had opportunity to 
try it. 

This substitution of aluminum for platinum I make simply as 
a suggestion, for my experiments have not been numerous 
enough or minute enough to announce it as a scientific improve- 
ment, except in the case of copper analysis. . 

But should it prove to be sufficiently adapted to the purpose 
which I have designated, it has two great advantages: first, as 
compared with platinum it is very much lighter, and its use 
would reduce the liability to error in the weight of the deposited 
metal, which is small as compared with the weight of the elec- 
trode ; second, it is vastly cheaper than platinum, costing only 
one-sixtieth as much in the manufactured condition. 





NOTE ON LIQUID PHOSPHORUS. 


By F. P. VENABLE AND A. W. BELDEN, 
Received February 14, 1898. 


N 1875 Hourton and Thompson’ reported the formation of a 
| peculiar modification of phosphorus formed on boiling ordi- 
nary phosphorus for five minutes with a strong solution of pot- 
ash. The alkaline solution was poured off and the liquid phos- 
phorus washed. It issaid to remain liquid for months and solid- 
ifies only on cooling to +3.3°. It is further reported as not 
oxidizing in the air nor giving off light in the dark. On becom- 
ing solid it forms ordinary wax-like phosphorus and a second 
variety of crystalline phosphorus. 

These singular statements are cited in Dammer’s ‘‘ Handbuch 
dér anorganischen Chemie’’ and the chemical literature available 
to us has been searched in vain for any further mention of this 
1 Arch. d. Pharm., (3), 6, 49. 














H. W. WILEY AND W. D. BIGELOW. 





304 





































strange variety of phosphorus. It has therefore seemed advisa- 
ble to give a brief notice of some experiments in which it was 
attempted to form this liquid phosphorus. 

Five grams of fresh wax phosphorus were placed in a flask with 
80 cc. of a saturated solution of potassium hydroxide and boiled 
for five minutes in a neutral atmosphere (nitrogen was used). 
This was washed with water at 19° and on the second washing 
the phosphorus solidified. If the alkaline solution was poured 
off directly, the phosphorus caught fire, hence it was usually 
poured off to small bulk, diluted with water, and again poured 
off and so on until the phosphorus was washed. In every exper- 
iment performed the phosphorus solidified after the second or 
third washing. The amount of phosphorus, the time of boiling 
(three, five, ten, and fifteen minutes), and the strength of the 
potassium hydroxide solution (saturated to ten per cent. solu- 
tion), were each varied without securing the liquid phosphorus. 

It is, however, true that the phosphorus becomes liquid on 
heating under the alkaline solution and, if left covered with the 
same, stays liquid a long time, solidifying only when strongly 
cooled. It seems to give off occasional bubbles of gas during 
this standing and is probably being slowly changed into phos- 
phine at ordinary temperatures. We are quite at a loss to know 
how theauthors mentioned above secured their liquid phosphorus 
and how it could prove unalterable in the air. In all of our 
experiments it was peculiarly inflammable. 


UNIVERSITY OF NORTH CAROLINA. 
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CALORIES OF COPIBUSTION IN OXYGEN OF CEREALS 
AND CEREAL PRODUCTS, CALCULATED FROSI 
ANALYTICAL DATA.' 


By H. W. WILEY AND W. D. BIGELOw. 
Received March 10, 1898. 


PRINCIPLES INVOLVED. 
HE calculation of the heat of combustion of food products is 
now quite generally practiced in analytical determina- 
tions. The development of the methods of burning in com- 


1 Read before the American Chemical Society and Section C of the American Associa- 
tion for the Advancement of Science, at Detroit, August 12, 1897. 
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pressed oxygen as proposed by Berthelot and Veille, has made 
it possible to use this process for ordinary purposes, and with a 
fair degree of accuracy. The data obtained by combustion in 
oxygen become, therefore, a check upon ordinary analytical 
determinations, as well as an additional means of measuring the 
dietetic value of foods. When the data obtained on combustion 
are to be used in analytical methods it is necessary to compare 
them directly with the data calculated from chemical analysis. 
A large number of difficulties arises in connection with this 
calculation on account of the number of combustible substances 
present in the cereals and their products. We have three great 
classes of bodiesin cereals, namely, carbohydrates, proteids, and 
oils. In addition to these, however, there are many others 
which are oxidizable, and which yield heat in the process, 
among them amid compounds of nitrogen, organic acids, leci- 
thins, and coloring-matters. These last named, it is true, exist 
in minute quantities, but the combustion of the whole of them 
is attended with a considerable evolution of heat, which must 
not be lost sight of in exact comparisons. In addition to this, 
the groups of like matters which form the chief part of cereals 
and cereal products are composed of several substances. In the 
carbohydrates are found many different classes whose heats of 
combustion vary largely. For instance, there is a wide differ- 
ence between the heat of combustionof a gram of pentosans and a 
gram of starch, and midway between these liesthe number repre- 
senting the heat of combustion of sucrose. The different vegetable 
oils vary greatly in their calorific power, and these differences 
must be taken into consideration in the calculations. In respect 
of the heats of combustion of the vegetable proteids, but little is 
known, and we have not yet isolated sufficient quantities of the 
different proteids to determine the heat of combustion of each 
one directly. This part of the subject will be investigated 
further. The results of the actual determinations, however, 
show that the average number of small calories per gram of 
vegetable proteids evolved in burning in oxygen is not far from 
5900. 


CALORIES OF THE CARBOHYDRATES. 


The details of the processes employed for cereals and cereal 
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products will be considered by classes, beginning with the 
carbohydrate group. 

The magnitude of the calorimetric equivalents of the carbo- 
hydrates and their derivatives shows in general regular and 
expected variations, depending on their constitution and molec- 
ular configuration. Isomeric bodies show similar but not 
always identical heats of combustion. For the three groups of 
carbohydrates, presented by the formulas C,H,,O,, C,,H,,O,,, 
and (C,H,,O,), respectively, the heats of combustion at constant 
volume for one gram-molecule are about 673, 1351, and 678 
calories respectively. In derivatives of the carbohydrates the 
heat value decreases in general with the increase of the hydrogen 
and oxygen atoms with reference to the carbon atoms, but this 
rule is not rigidly applicable, and does not permit a sure judg- 
ment in respect of heat value based on a knowledge of chemical 
composition alone. The heat value of the pentoses is generally 
less than that of the hexoses, and of the hexoses the more con- 
densed forms, as for instance the disaccharids and polysaccharids, 
like starch, have a higher heat value than the simpler forms like 
dextrose. In round numbers the heat value of the pentoses 
(arabinose, xylose) and of lactose (crystallized), dextrose and 
fructose, is 3750; of sucrose, maltose, and lactose (anhydrous) 
3950; and of starch and cellulose 4200 calories per gram. In 
computing the heat value of a mixed carbohydrate body from 
analytical data, it is therefore necessary to know approximately 
the relative quantities of these typical constituents. If, for 
instance, in a cereal (ground wheat) containing seventy-four per 
cent. of carbohydrates it is desired to calculate the heat value 
accurately, it is first necessary to distribute the total carbohy- 
drates into groups. Suppose it be found on analysis that the 
total carbohydrates are composed of the following quantities: 


Per cent. 
POGTDGANG: 06. 0:6:0 00:50 0:6.0,0'0:6:0% 6010 8s bee 6 UONe ee NEe es O00 see 4.5 
Cellulose (soluble and insoluble fiber) ...-....ss.ssseee 4.5 
Sugar (SUCTOSE) «seceeeceee cece ccccce cece ccccee secs secs 1.0 
REAM a o5640n ee OS ERs 400s SECs 4S bh b Ree een Uae SMEs Nese ee 64.0 


The heat value of the pentosans is about fifty calories greater 
than, for the pentoses, and the factor for pentosans is therefore 
3750 + 50 = 3800. Cellulose and starch have practically the 
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same heat value, and the factor for these in round numbers is 
4200. The sugar is chiefly sucrose, and the factor for this is 
3950. The above numbers give the necessary data for the 
computation given below. 


COMPUTED CARBOHYDRATE CALORIES FOR ONE GRAM OF A CEREAL 
FLOUR CONTAINING 74 PER CENT. OF CARBOHYDRATES. 


Gram. 
Total weight of carbohydrates «+. .ssseeceeeeececeeees 0.740 
Weight of pentosans, etc.-..... eeees see eeeeeeeseeeess 0.045 
Weight of starch, cellulose, etc..... sce e cece ee cease 0.685 
Weight of Sucrose, tC. sceee cece cece ccescccccccccececs 0.010 
Then: 
calories. 
0.045 X 3800= 171.0 
0.685 X 4200 = 2877.0 
0.010 X 3950= = 39.5 





Sum 3087.5 

CALORIES OF COMBUSTION OF VEGETABLE PROTEIN. 

In respect of the heat of combustion of the vegetable proteid 
matters, it may be said that even greater variations are noticed 
than with the glycerids and carbohydrates; for instance, the 
calories obtained by the combustion of a gram of gluten, as 
ascertained by Berthelot, are represented by the number 5990.3. 
The mean number of calories per gram of the proteids in general 
is stated by Stohmann to be 5730.8. The calorimetric numbers 
for hordein, edestin, leucosin, zein, myosin, vitelin, gliadin, 
glutenin, and the other minor proteid bodies occurring in the 
cereals, have not been determined. Moreover, it must be remem- 
bered that the cereals contain a certain proportion of amid nitrog- 
enous bodies, the heat values of which are considerably less 
than those of the pure proteids. It is a question, therefore, of 
considerable difficulty to select a factor which represents the 
proper number for computing its fuel value from the total 
nitrogen present in acereal. In the ‘‘ Principles and Practice 
of Agricultural Analysis’’, III, 559, the factor 5500 calories per 
gram is proposed as a suitable one for use with the proteids. 
This factor is probably too low for estimating the heat produced 
by the combustion of cereal protein in oxygen. Beforethe proteids 
are absorbed into the body and oxidized or distributed as con- 
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stituents of the tissues they are converted in the digestive organs 
into soluble forms, to which the general term peptones has been 
applied. The heat of combustion of peptones is decidedly less 
than that of the ordinary proteids, being represented by a factor 
5300 calories per gram. ‘The number given above, therefore, 
viz., 5500 calories per gram, is about a mean to be used in 
calculating the calories of combustion of peptones and proteids. 
For the actual calculation of heats of combustion in oxygen of 
proteid matter of cereals to be compared with the heats of com- 
bustion obtained in the calorimeter, the factor 5900 is proposed 
as the one most nearly correct, in so far as our present knowl- 
edge is concerned. 

We have made efforts to secure sufficient quantities of the 
pure proteids present in the different cereals to determine 
directly their calorific power. Owing to the difficulty of prepar- 
ing these proteids in the large quantities sufficient for the work 
we have not yet succeeded in our object. We will, however, 
continue this work and either obtain the samples from others 
or, if unable to do this, prepare them ourselves, in order that the 
special factor for each cereal may be determined experimentally. 
In the absence of these special determinations we have only the 
recourse of making use of the factor which seems to be nearest 
the proper one for all; namely, 5900 calories for each gram of 
vegetable protein present in the cereal. 

If all the nitrogen in a cereal product be calculated as proteid 
matter, the factor to be used in calculating the calories of com- 
bustion must be less than 5900. ‘The reason for this is that a 
small part of the nitrogen present is in a non-proteid form, ex- 
isting as compounds distinctly less calorifacient than protein mat- 
ters. Only an approximate factor can be proposed for this cal- 
culation. It is best to determine the non-proteid nitrogen and 
then use the factor 5900 for the residual proteids. The nitrogen 
as amids in this case, in so far as its fuel value is concerned, is 
to be calculated by a different factor. Asparagin may be 
selected as a representative vegetable amid, and the calories 
corresponding to one gram of asparagin are represented by the 
number 3400. Asparagin contains 22.7 per cent. of nitrogen, 
and in order to convert amid nitrogen to asparagin its percent- 
age is multiplied by 4.05. These data afford the basis of a 
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rational computation of heat values of the nitrogenous constitu- 
ents of cereals. 

Example.—The sample of wheat flour before mentioned con- 
tains 2.00 per cent. of nitrogen, of which 0.12 per cent. is of an 
amid nature. The proteids in the sample are calculated as fol- 
lows : 

1.88 X 5.70 = 10.71 per cent. 
The amid bodies, as asparagin, are found from the following 


equation : 
0.12 X 4.05 = 0.48 per cent. 


In one gram of substance the calories of combustion are cal- 
culated as follows: 


calories. 
0.1071 gram proteids X 5900 = 631.9 
0.0048 ‘* asparagin X 3400 = 16.3 





Total calories due to nitrogen compounds, 648.2 
CALORIES OF COMBUSTION OF CEREAL OILS. 

In order to secure a basis for rational work, the oils of the 
cereals were extracted and purified as carefully as possible by 
the usual methods. Three of these oils have already been sub- 
jected to combustion, while the process of the purification of the 
others is still going on. The oils which have been burned gave 
the following calories per gram: Wheat oil, 9359; rye oil, 
9322; Indian corn oil, 9280. For the nearest round numbers 
the factor for wheat oil would be 9350, and for rye and Indian 
corn 9300. 

In making calculations from analytical data, however, the 
ether extract does not represent a pure oil, but all the other 
bodies in the cereal which are soluble in ether. It is therefore 
deemed desirable to determine the calorifacient power of the 
ether extract, obtained according to the methods ofthe official 
agricultural chemists. For this purpose a considerable quantity 
of the ether extract of wheat, oats, barley, and rye was prepared, 
and the combustion of this extract was made directly. The 
results per gram of ether extract for the several cereals men- 
tioned are as follows: Wheat, 9070; oats, 8927; barley, 9070; 
and rye, 9196 calories. The nearest round numbers for these 
bodies would therefore be wheat, 9100; oats, 8950; barley, 9100; 
and rye, 9200. 
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In the extraction of cereals with ether it should not be forgot- 
ten that a portion of the fatty matter is not brought into solution. 

Especially is this true of the lecithins. In view of this fact, it 
is a matter of question whether it might not be advisable, with 
the present light on the subject, to multiply the ether extract by 
the round number 9300 rather than by the number correspond- 
ing to the calorifacient power of the ether extract itself as given 
above. With the exception of oats and Indian corn, the differ- 
ence between the two factors would be very slight, because the 
ether extract isa small number. With oats and Indian corn, 
however, the difference would amount to several calories. In 
the case of oils in general, the calories of combustion vary 
greatly with the character of the glycerids. It has been shown, 
for instance, that a gram of oleomargarin when burned in oxy- 
gen affords about 200 more calories than a gram of butter-fat. 
The natural oils which exist in plants vary in respect of their 
calorific values. Linseed oil, for instance, hasa slightly higher 
calorific value than olive oil. In Volume III of ‘‘ Principles and 
Practice of Agricultural Analysis,’’ p. 569, it is recommended to 
use the factor 9300 as an approximately correct expression of the 
heat value of a gram of glycerids. This is probably not far from 
the correct number for the average of animal and vegetable glyc- 
erids, being possibly a little too low. Since in natural cereals 
we have to do only with vegetable glycerids, and in breads often 
with a mixture of vegetable and animal glycerids, it is difficult 
to determine in every case the magnitude of the factor to be em- 
ployed. For the pure cereal glycerids, however, it is recom- 
mended that the factor mentioned above be used ; vzz., 9300 calo- 
ries per gram. Inthe baking of bread, the fats, especially those 
in the crust, are subjected to a high temperature, under which 
they possibly undergo a preliminary oxidation. In this case, 
therefore, the factor given in the ‘‘ Principles and Practice of 
Agricultural Analysis,’’ vzz.,9300 calories per gram, may be 
too high. 

In the ether extract of cereals there are other bodies besides 
fat, and it would not be proper to regard the whole mass as hav- 
ing the same fuel value as pure fat. It is difficult to make any 
accurate allowance for these bodies, which are, moreover, of an 
organic nature, and capable of yielding considerable quantities 
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of heat on combustion. To avoid confusion it may be said that 
the factor 9300 calories per gram may be used also with the ether 
extracts of flours and meals as well as with those of the baked 
products. In the sample of ground wheat already mentioned 
the ether extract is 2.00 per cent. The calories afforded by the 
oil in burning one gram of flour are therefore 

0.020 gram X 9300 = 186 calories. 

It is evident that it is impracticable to make any account 
in our calculations of the heat of combustion arising from the 
oxidation of the small quantities of coloring-matters, organic 
acids, and other bodies not included in the above data. By 
using the factor 9300 for the multiplication of the ether extract 
instead of the factors determined by direct investigation it is 
evident that a sufficient allowance will be made for the inclusion 
not only of the bodies mentioned, but also of the lecithins 
remaining unextracted, and for which the calorifacient value 
approximates that of the true glycerids. The above data then 
give the basis for calculating the entire calorific power of a 
whole wheat flour having the following composition : 


Per cent. 
Starch, cellulose, etc., 68.5 | 
Carbohydrates | Pentoses AS } cccccccces 74.00 
Sucrose 1.0 
PRREMUNAS 6. cs ccneawencaewan® hs wenaee aceweenatebevee eens 10.71 
Ae. 66.5466 AKC OM ORE MKCRE ED CATE Cneeeereeemens 0.48 
Oa dviciakocs scueealssedae beersc eveugecutweeeuecueuemars 2.00 
AMD 6.604.608 0 CES OR 400s C048 7008 88 e08n ceehebebareeeeees 2.00 
WROIBCUSE 6.66.0. 6 hese ectsceeo Cee e cts Ceewce teen eoee say 10.81 
calories. 
Calories due to starch, cellulose, etc--++++- sees eeee cece 2877 
= a> EP PENOSANS «eee cece cece eceeee eee ceeeee 17I 
" $6 66 QUCTOREs cccccevd selce ceeded ence sete cence 40 
S i proteids Janel wasiew aden wiaelbe dudalen ameea 632 
# CC WE QaAe <5 oda eRe eWhaee beer eeeeunenes 16 
a {) C0 GAL sa Je ceevis sanded ence CeCe Ceebenweeeaa 186 
Total calories in one gram .-eecesecececcseceeecsesees 3922 


COMPARISON OF CALCULATED AND ASCERTAINED CALORIES. 


The principles of calculation which have been developed 
above have been applied in the direct comparison ofthe calories 
of combustion ascertained by experiment and those calculated 
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from analytical data. The samples of cereals examined con- 
sisted of two samples of wheat, one of rye, one of unhulled oats, 
and one of hulled barley. The analytical data obtained by care- 
ful analyses follow : 


CHEMICAL COMPOSITION OF SAMPLES OF GRAIN. 


Wheat Wheat Unhulled Hulled 
No. I. No. 2. Rye. Oats. Barley. 
Per cent. Percent. Per cent, Percent. Per cent. 
Moisture ...... coves 11.33 10.65 10 ae 9.26 12.20 
Ash ....-. en ee 1.69 197 2.31 3-7 0.93 
Ether extract....... 2.00 2.24 1.63 4.72 0.92 
Protein. ..-eee eeeeee 12.19 14.44 11.69 9.63 10.44 
Sucrose.--+.-+++-ee- 0.33 0.48 0.42 0.17 0.18 
Invert sugar --...... 0.027 0.08 0.068 0.031 0.017 
Galactin and dextrin 0.160 0.25 0.220 0.260 0.140 


Pentosan ---+++ee+++ 5.80 ee | 8.10 13.65 6.50 
Fiber ..-...+-eeeeee 7 2.56 2.36 12.81 0.80 
Starch ..---++..ee-- 64.51 62.69 61.78 45.98 68.03 


The calculated calories for each of the samples given above 
are as follows: 


CALORIES IN SAMPLES OF GRAIN. 


Wheat Wheat Unhulled Hulled 

No. I. No. 2. Rye. Oats. Barley. 

Component parts. Per cent. Per cent. Per cent. Per cent. Per cent. 
Ether extract ---....-- 186 208 152 439 86 
Proteids .-+- +--+ eee 719 852 690 568 616 
Pentosans--.++eeseeee- 220 196 308 519 247 
Sucrose «-.+ ccoescevce i - 19 17 7 7 


Starch and fiber ....-.- 2800 2741 2694 2469 2891 





Totals ........ 3938 4016 3861 4002 3847 


The calories found by direct combustion in oxygen were as 
follows : 


Wheat NO. Die o:6c:0:0 10:00 6000 000s sews nese 3,922 
Do ea eee owns 4,011 
Rye Lee ETE Te Ee er 3,909 
RBEG < cne tke weiner Deaeew 4004s aeweee weoccccce - 4,181 
Barley PCT eT T CURT TUTTO UTERO CT CCR 3,886 


The direct comparison of the two numbers is seen in the 
following table : 
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COMPARISON. 


Calculated. Found. Difference. 

Variety of grain, calories. calories. calories. 
WMGGE WIG, Desc e ewdd sees éeecas even 3,938 3,922 +16 
WIGS ING Ss de cae de ceeeccnveud 4,016 4,011 + 5 
RYE cece cc ccee cece ceccce cece ceeees 3,860 3,909 —49 
VE icciss cnemewcsinccdec estan wated toad 4,002 4,181 —=179 
2 A cen 3,846 3,886 —40 


In the above data all the nitrogen has been computed as pro- 
tein. 

The agreement between the calculated calories and those act- 
ually determined in the bomb is satisfactory in the above cases 
with the exception of the sample of oats. In this case, as 
will be seen, the calories directly ascertained were 179 greater 
than those calculated from the analytical data. This fact sug- 
gests the possibility of the heat of combustion of the unseparated 
complex representing the unidentified carbohydrates of hulls 
and fodders being higher than for starch. Where such a differ- 
ence exists the suggestion at once occurs that either the analyt- 
ical data or the calories obtained by combustion are in error. 
One of the principal values of ascertaining the calories of com- 
bustion in analytical work is indicated by such a difference. 
The combustion will be a check on the analysis, and vice versa 
the analysis a check on the combustion. Where the differences 
are as great as noted, the indications are for a repetition of both 
the analysis and the combustion. The magnitude of the differ- 
ence between the calculated and ascertained calories which can 
be allowed as fully within the ordinary errors of analysis and 
combustion can only be fixed by along series of determina- 
tions, and perhaps after the factors employed for the calcula- 
tions have been slightly changed to harmonize more closely with 
ascertained results. At the present time, we are inclined to the 
opinion that when the difference between the calculated calories 
and those ascertained on combustion does not exceed fifty to 
seventy-five calories, the check is sufficiently satisfactory. 

We have applied the above process to the investigation of 
some of the cereal products; vz., flour, bread, breakfast and 
partially prepared foods and some miscellaneous products. The 
data which are given below include all of the determinations 
made on the products mentioned with the exception of six, 
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where the difference between the ascertained and calculated cal- 





ories was so great as to indicate an error in one or the other. 


The following table contains all the data showing a compari- 
son between the calculated and ascertained calorific power of the 


several substances mentioned : 


COMPARISON OF CEREAL PRODUCTS. 


Calculated 
Determined calories per gram. 
Name of substance. calories per gram. NX5.70. NX6.25. 
Flapjack GAM aneaswaereweeas 3700 3776 3790 
Pancakes Hour so ccccccccccescs 3820 3833 3845 
Griddle-cake flour ........... 3724 3706 2719 
Paieat HOUT 6:5:0:s'00. sb oeswse ve 3870 3880 3894 
DME Jativccaders oweeeesecs 3779 3779 3812 
BREAD. 
TA: Sacwecneh due ebaaenenes 4420 4372 4394 
i ee 4381 4339 4359 
Home-made... ..ceescccccccccs 4558 4483 4503 
Home-made... .csccccscscscsse 4436 4450 4465 
WGA o.00:0:08:60 seceececee 66% 4449 4411 4430 
BREAKFAST AND PARTIALLY PREPARED FOODS.—WHEAT PRODUCTS. 
Shredded whole wheat biscuit 4253 4298 4314 
Wheat germ meal..........-- 4362 4404 4420 
Gluten butter wafers........- 4610 4605 4628 
Whole wheat gluten..----++++ 4544 4542 4566 
Cooked gluten.+-++-seeeeee es 4432 4406 4425 
Geri. eee cccccs cccccecccese 4445 4403 4417 
Breakfast gem --+++ sees severe 4379 4405 4420 
Cracked wheat..-+.-++++seeee 4453 4395 4413 
Mean occe ccvcccccecccccccccs 4435 4432 4450 


KiaHee-brod 4.66.0 00ssncccceace's 4146 4203 
Granulla ...cccccccccccecccccs 4385 4399 
Imperial granum......--.+..- 4485 4462 
F. F. V. malt food ........... 4470 4465 
Granulated barley ...---..+-. 4365 4353 
Ra) ate i oo 6066: 4000's 0c 4800 4799 

ERR oiis'c 068646600640 80S we 4442 4447 


A study of the above data reveals the fact that while the va- 
riations in individual instances are considerable, a comparison 
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of the means shows that the factors which have been adopted 
must be very nearly correct, inasmuch as the mean calculated 
calories differ very little from those determined by actual com- 
bustion. In calculating the calories for wheat products both the 
factors 5.70 and 6.25, for converting nitrogen into proteid mat- 
ter, have been used. Inasmuch as the calorific power of the 
protein is slightly greater than that of the carbohydrates, the 
total calories as calculated by the factor 6.25 are slightly greater 
than those calculated by the factor 5.70. In the case of breads 
and other baked products the differences are not so great as we 
had anticipated, on account of the difficulty of completely ex- 
tracting the fat and oil froma bread. The individual differ- 
ences, as in the case of a flour, are somewhat marked, but the 
means agree very closely. 

While this paper was writing, in point of fact on August 2, we 
received Bulletin 35 of the Wyoming Station (June 1897) in 
which Prof. Slosson has called attention to work similar to ours 
which he has done at that station. The factors used by Prof. 
Slosson differ slightly from those which we have adopted, his 
factor for fat and oil being 9500, for protein 5700, and for car- 
bohydrates 4200. In nineteen samples of wheat products the 
calculated calories from analytical data by our factors are 4472, 
and by Slosson’s factors 4447. In six samples of miscellaneous 
cereal products, calculated by our factors, the number is 4833, 
and by his, 4810. 

It is seen by the above that the mean results are not very 
greatly different from the two sets of factors, Slosson gaining in 
his higher factor for fat a portion of what he loses in his lower 
factor for protein as compared with our numbers. 

In conclusion we beg to call attention to the fact that in the 
light of the data which have been presented in the above paper, 
we can with reason claim that the determination of the calorific 
power by combustion under pressure in oxygen is destined to be 
a valuable aid to the analyst in serving as a check upon the ana- 
lytical data. We are further warranted in believing that when- 
ever the calculated calories and the analytical data in hulled 
cereals and cereal products differ by as much as 100 from those 
obtained by combustion, the chemist will do well to repeat both 
the analysis and the combustion in order to discover the source 
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of error. The bomb calorimeter in this way becomes a valuable 
adjunct to the chemist in his work from a purely analytical point 
of view. 

The data of heat determinations in bodies rich in cellulo-ligno- 
lignin matters such as bran, hay, straw, and fibers generally, 
are found to be regularly higher than when calculated from the 
data of analysis, and this leads us to the belief that these bodies 
exist in a state of greater molecular condensation than starch. 
If this be the case, the determination of the heat of combustion 
may prove helpful in approximately fixing the molecular weight 
of the polymers in any series insoluble in reagents without change. 
This subject we are now investigating, and it will form the theme 
of a subsequent communication. 





PRELIMINARY NOTE ON SOME NEW DERIVATIVES OF 
VANILLIN. 


By A. E. MENKE AND W. B. BENTLEY. 


Received March 5, 1898. 
HEN chlorine is allowed to act for some time on a solu- 
tion of vanillin in chloroform, a white crystalline sub- 
stance is formed, which after suitable purification and analysis 
was found to be chlorvanillin, melting-point 166°. 

If chlorvanillin in small quantities be treated with sodium 
amalgam, chlorvanilloin can be obtained, melting-point 255°. 
We have not yet succeeded in obtaining chlorvanillin alcohol. 
Fusion of chlorvanillin with caustic potash seems to yield chlor- 
protocatechuic acid, melting-point about 235°. 

The action of dilute nitric acid in suitable proportion upon 
vanillin yields three products: a white substance containing 
nitrogen, almost insoluble in the usual solvents, melting-point 
about 300°; a yellow compound soluble in hot alcohol, almost 
insoluble in water, melting-point 178°-179° ; and dinitroguiacol, 
melting-point 123°, soluble in water. The substance melting at 
178° is either nitrovanillin or an addition compound of nitrovan- 
illin and dinitroguiacol. By treatment with nitric acid it yields 
dinitroguiacol, and by oxidation with permanganate forms ni- 
trovanillic acid, melting-point 214°. 

In an attempt to prepare chlorprotocatechuic acid, directly from 
protocatechuic acid, we found that passing chlorine in excess 
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through an alcoholic solution of protocatechuic acid we obtained 
a resinous matter, which yielded, upon treatment with caustic 
potash, a substance that could be precipitated by water. This 
body crystallizes well from alcohol in white crystals, melting- 
point about 178°. Analysis showed it to be tetrachlorpyrocate- 
chin. By varying the strength of the solution of protocatechuic 
acid, we obtained a different product. The fuller study of these 
compounds is in progress, and the complete results will be pub- 
lished in a later paper. 
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NEW BOOKS. 

INTRODUCTION TO ELECTROCHEMICAL EXPERIMENTS. By DR. FELIX 
OETTEL, translated (with the author’s sanction) by EDGAR F. SMITH. 
Philadelphia: P. Blakiston, Son & Co. 1897. 144 pp. Price 75 cents. 

THE FREEZING-POINT, BOILING-POINT, AND CON DUCTIVITY METHODS. By 
HARRY C. JONES. Easton, Pa.: The Chemical Publishing Co. 1897. 
vii+ 64 pp. Price 75 cents. 

The great development of physical chemistry in the last few 
years is calling into existence a considerable literature upon the 
subject, and it is ahappy fact that much of this literature is ofthe 
nature of monographs. In this way each author writes from his 
own experience rather than by compilation, and his writing is 
correspondingly valuable. Such is the character of the two 
brief works before us. 

Dr. Oettel’s book is best described by the opening sentence of 
the translator’s preface: ‘‘ The purpose of thislittle volume is to 
furnish technical chemists and all persons interested in the appli- 
cations of electricity in chemical manufacture with a concise 
guide, containing in a compact form all that is essential for the 
comprehension and solution of problems arising in this compara- 
tively new field of chemical investigation.’’ Its usefulness is 
wider however, for it lays down principles which are at the ‘basis 
of electrochemistry not only in technology, but also in analysis 
and in research work in pure chemistry. The first sixty pages 
are devoted to the source, measurement, and regulation of the 
current ; then follow the arrangement of experiments, with 
reference to vessels, diaphragms, electrodes, etc. ; phenomena 
observed in electrolysis, including decomposition pressure, cur- 
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rent efficiency, transference of ions, etc.; preliminary experi- 
ments ; calculation of necessary power; and lastly about forty 
pages of ‘‘ practical part’’ including as a practical problem the 
working of an arsenical copper liquor. The book will be use- 
ful in every laboratory where any electrochemical work is done. 
It is almost needless to add that a translation by Dr. Smith is 
well done. 

Dr. Jones’ book, as indicated by its title, is confined to those 
three physical-chemical methods which find most frequent appli- 
cation inthe laboratory. The descriptions of the freezing-point 
and the boiling-point methods are each preceded by a brief 
historical sketch and a theoretical discussion of the method, 
including the processes of calculation. Under the application 
of the freezing-point method to the determination of molecular 
weights, the apparatus of Beckmann and its manipulation is 
carefully described, and inits application to the measurement of 
electrolytic dissociation, the method of work with the author’s 
apparatus is given. Similarly under the boiling-point method 
the apparatus of Beckmann, Hite, and that of the author are 
described, and a detailed account of the method of carrying out 
a determination follows. Under the conductivity method, the 
theory is also first discussed and then its application to the 
measurement of electrolytic dissociation. This book thus brings 
together in brief space the essentials of theory and practice of 
these three methods, and is a valuable guide to students in 
laboratories of physical chemistry. 

Both books are of excellent typography, have very complete 
tables of contents, and neither has an index. 

Jas. LEwis Howe. 
PRACTICAL EXERCISES IN ELECTROCHEMISTRY. By DR. FELIX OETTEL. 
Translated by EDGAR F. SmiTH, Professor of Chemistry in the Univer- 
sity of Pennsylvania. Twenty illustrations. Philadelphia: P. Blak- 
iston,Son & Co. 1897. vii+ 92 pp. Cloth. Price 75 cents. 

Electrochemistry is becoming year by year of more importance 
and assistance to the analyst and manufacturer, and any work, 
historical or descriptive, that adds to our knowledge of the sub- 
ject is to be commended. The book in question is no more than 
its name indicates, but it is all that it indicates, for the exercises 
and examples given are not only practical and simple, but are 
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most clearly and lucidly set forth. As the translator says in 
his preface, ‘‘ The examples given are not only simple, but 
they are also types of definite processes.’’ Starting with sugges- 
tions as to current sources and general apparatus, there follow 
chapters on the testing and calibration of measuring apparatus, 
the influence of current density, concentration, temperature, etc., 
upon the fall of bath-pressure in the electrolyte, influence of 
current density and concentration on the course of reactions, 
application of gas analysis to electrochemical reactions, experi- 
ments with a diaphragm, metal precipitations with soluble and 
insoluble anodes, experiments with molten electrolytes, and with 
multipolar electrodes. The last chapter on organic electrolysis 
is by Prof. Dr. K. Elbs. The book should be used by all 
teachers and students in this field and Dr. Smith is to be thanked 
for giving us this excellent translation. 
W. WALLEY DAVIS, JR. 


LABORATORY EXPERIMENTS ON THE CLASS REACTIONS AND IDENTIFICA- 
TION OF ORGANIC SUBSTANCES. By ARTHUR A. NOYES, PH.D., and 
SAMUEL P. MULLIKEN, PH.D. Easton, Pa.: The Chemical Publishing 
Co. 1897. 8vo. 28 pp. Price 50 cents. 

The authors have collected and thrown into the form of a 
series of laboratory experiments the various characteristic reac- 
tions for different classes of carbon compounds. Workers in 
organic chemistry gradually acquire a familiarity with these 
reactions, but the authors have performed a distinct service to 
the teachers of organic chemistry in bringing them together, 
where the beginning student can find them, and in emphasizing 
their importance from an analytical standpoint. This little 
book might be called the beginning of a qualitative analysis for 
the carbon’compounds, a field which is not yet far advanced. 

From this point of view the writer is inclined to regret that 
the authors did not extend their work beyond the limit of its pres- 
ent twenty-eight pages and make it a more complete collection 
of the reactions that can be used for the identification of different 
classes of organic bodies, and supply it with an index so that it 
would be of use to more advanced workers as well as to the 
beginners in organic synthesis. The book should find a place 
in every organic laboratory. G. M. RICHARDSON. 
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